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A STUDY OF THE FACTORS AFFECTING QUALITY 
AND RATE OF SPOILAGE OF CERTAIN FRESH VEGETABLES 
HELD UNDER ICE REFRIGERATION 
INTRODUCTION 
Certain vegetables have a very rapid rate of 
spoilage after harvest unless the environment in which 
they sire held is regulated within relatively narrow 
limits. This factor is true even though euch vegetables 
are produced close to their market and the time between 
harvest and consumption is reduced to a comparatively few 
hours. 
Much of this spoilage is due to physiological 
fungus or bacterial breakdown or chemical changes within 
the plant tissue. It has been shown by controlled 
research that such breakdowns and changes can be reduced 
by regulating the temperature, relative humidity and air 
circulation to which the vegetables are exposed after 
harvest and during the marketing process. 
It was proposed to Initiate and conduct in¬ 
vestigations and to continue previous studies pertaining 
to the regulation of these factors in the economical 
market handling of certain vegetables when produced by 
nearby market gardeners. 
It was further proposed that these studies 
include specifically asparagus, celery, lettuce and 
radishes. 
Pro.1 ect Objectives: 
1. To determine the effect of controlled 
temperature, relative humidity and 
sir circulation on the physical 
characters and spoilage due to 
physiological reactions and various 
organisms. 
2. To evaluate the methods of handling 
asparagus, celery, lettuce and rad¬ 
ishes where ice is used as the re¬ 
frigerant and to note the approximate 
time such vegetables can be held 
under controlled conditions from the 
viewpoint of consumer appeal. 
3. To determine whether or not ice can 
be used economically as a refrigerant 
in the efficient end economical hand- 
ling of asparagus, lettuce, celery 
and radishes on the part of the 
grower, wholesaler and retailer. 
Pro.1 ect Procedure: 
1. Studies pertaining to the objectives 
were set up at three points: (a) 
3 
selected growers, (b) selected 
wholesalers, and (c) selected 
retailers. In addition, controlled 
studies were also made at the Univer¬ 
sity of Massachusetts. 
2, Studies involved for each crop: (a) 
methods of precooling and icing on 
the farm, and the relationship of 
such practices to rate and degree of 
spoilage in subsequent normal market 
handling; (b) methods and procedure 
that were applicable to the regulation 
of temperature while produce is in 
transit from farm to market; (c) 
degree of temperature control of 
produce while on the wholesale mar¬ 
ket as related to methods of precool¬ 
ing and icing on farm and in transit, 
and (d) methods and procedure of 
regulating spoilage and shelf life 
at the retail store level by ice 
refrigeration as related to the pre¬ 
vious handling on the farm, in trans- 
it and on the wholesale market. 
All studies were correlated to weather conditions 
. 
prior to and during the marketing period. All studies further 
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were evaluated against checks or nonrefrigerated methods 
of handling at the various points of evaluation—the farm, 
in transit, wholesale market and retail store. 
REVIEW OF LITERATURE 
The literature on ice refrigeration of vegetables 
is very extensive. Only pertinent material which is directly 
concerned with the several aspects of this projeot will be 
reported. A review of certain factors influencing ice re¬ 
frigeration will be considered first. 
Refrigeration which is the extraction of heat 
from & plant or animal material at a temperature lower than 
that of the surroundings is one of the most important pro¬ 
cesses in the vegetable Industry. Refrigeration is accom¬ 
plished when a cool body is brought near to a warm body 
according to the fundamentel principle that heat always 
passes from a warm body to a cooler one, the exchange being 
capable of continuing until the two bodies are at the seme 
t emperature (16). 
There are two principle types of refrigeration- 
natural and artificial. Natural refrigeration utilizes ice, 
ice water or ice and salt mixtures; artificial refrigeration 
makes use of refrigeration machinery. Cooling by ice is a 
very old process; it is effective because as the ice melts, 
it takes up great quantities of heat before the temperature 
changes. Each pound of ice in melting will absorb 144 
5 
B. t. u. of heat, which Is Its he^t of fusion. A ton of 
ice ?'ill absorb 144 x 2,000 or 288,000 B. t. u. In melt¬ 
ing (11). 
According to Tressler and Evers (46), the 
standard unit of refrigerating capacity is known as a ton 
of refrigeration. The ton of refrigeration is derived on 
the basis of the removal of the latent heat of fusion from 
2,000 lbs. of water at 32#F. in order to produce 2,000 lbs. 
of ice at the same temperature in twenty-four hours. The 
latent heat of fusion of ice is accepted as being 144 
B. t. u. per pound; therefore, with 2,000 lbs. of water at 
32*F. and the extraction of 144 B. t. u. from each pound, 
a total of 288,000 B. t. u. are removed to change a ton of 
water to a ton of ice at 32°F. The standard ton of refrig¬ 
eration is, therefore, 288,000 B. t. u. per twenty-four 
hours or 12,000 B. t. u. per hour or 200 B. t. u. per 
minute. 
The change of stfte which occurs when matter 
is transformed from the solid to the liquid phase is called 
melting or fusion. Hausm&nn and Slack (16) define the heat 
of fusion as the quantity of heat that must be given to a 
unit mass of a solid to melt it without a change of temperature. 
Sensible heat may be defined as that heat which 
produces a rise of temperature as when a pan of water placed 
over a flame becomes hotter and hotter to the touch. Tresaler 
t 
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?nd Evers (46) caution one not to mistake this type of 
heat from another type knorn as latent heat of fusion, 
the latter being the quantity of heat required to change 
the state or condition under which a substance exists 
without changing its temperature, e. g., a definite 
quantity of heat must be transferred to ice at 32%F. to 
change it into water at the same temperature. This def¬ 
inite quantity of heat is known as the latent heat of 
fusion in going from the solid to the liquid state. 
Temperature may be defined as the thermal 
condition of a body. Temperature indicates how hot or 
cold a substance is; that is, it is a measure of sensible 
heat. Temperature, therefore, gives only the intensity 
of heat and not the amount (46). 
Heat is assigned units of measure. Truscott 
(4?) states that a common constant is the British thermal 
unit. This he defines as the quantity of heat required 
to raise the temperature of one pound of water one degree 
Fahrenheit at normal atmospheric pressure (14.7 lbs. per 
square inch). 
Arnold (2) distinguishes between heat and 
temperature. He points out that temperature is the 
condition of a body which determines transfer of heat to 
or from other bodies while heat is a basic form of energy. 
i 
? 
Platenius (35) emphasized the fact that 
refrigeration from ice is dependent upon the rate of 
meltage. It was reported by Scates (41) that the rate 
of ice meltage is not directly proportional to heat 
content of air but depends upon transfer of heat from 
air to ice surfaces. This observation was substantiated 
by Hausraann and Slack (16) who found that ice meltage 
rates increase with an Increase in relative humidity of 
air as well as an increase In air velocity. 
Humidity is a basic consideration in ice 
refrigeration. Relative humidity is defined by Hausraann 
and Slack (16) as the ratio between the amount of water 
r 
vapor actually present and the amount necessary to pro¬ 
duce saturation at the existing temperature. The relative 
humidity can also be expressed in terms of pressure since 
the pressure due to the vapor is approximately proportional 
to the amount of vapor present; thus, the relative humidity 
is the pressure which would be exerted by water vapor if 
the atmosphere were saturated at the existing temperature. 
McDermott (25) explains the relationship 
between temperature and humidity In more detail. He notes 
that by cooling a vapor but maintaining it under a constant 
pressure, a temperature is reached where this pressure is 
maximum. He terms this the point of saturation and 
declares that further cooling will result in condensation. 
i 
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Anderson (1) elaborates on McDermott’s (25) 
statement and points out that the absolute quantity of 
vapor in the air is not important in evaporation, but 
rather, the relation between amount of vapor present and 
amount that could exist under the same conditions without 
having condensation. 
Helation of Temperature to Deterioration of 
Certain Harvested Vegetables 
Platenlus (35) found close correlation between 
temperature and resulting spoilage in vegetables. He re¬ 
ports that in general, rate of deterioration increases 
with an increase of temperature. This worker maintains 
that the increment in rate of deterioration is more rapid 
/ , 
in the low than in the high temperature range. Platenlus 
(35) elaborates on this by stating that of the different 
factors contributing to the deterioration of lettuce, 
temperature is by far the most important one. The pre¬ 
vailing humidity may have a pronounced effect on the rate 
of breakdown, particularly on wilting, but ordinarily this 
factor is of little importance under commercial conditions 
because lettuce is seldom exposed to a relative humidity of 
less than 90$ before it reaches the market. 
Arnold (2) confirms observations by Platenlus 
(35) when he noted that the factors affecting the keeping 
9 
qualities of fruits and vegetables are temperature, 
ventilation and humidity. 
Two sources of heat have been described by 
Pentzer, Wiant and MaoGlllevray (32). These workers 
state that field heat or sensible heat, as it is some¬ 
times celled, is the amount of heat that a fruit or 
vegetable has at any particular time and is proportional 
to their temperature. It gets its name "field heat11 be¬ 
cause it is initially acquired in the field. They assert 
that the second source of heat, vital heat, in fruits and 
vegetables results from the vital processes going on in 
the tissues, and from this, It reoelves its name. 
Benoy (3) reports In his studies on the res¬ 
piration of vegetables at 30*C. (86eF.), asparagus res¬ 
pired at the highest rate, followed by lettuce, green 
beans, okra, green onion , carrot, tomato, beet, green 
mango and red pimento in descending order. 
Platenlus (34) found that the period for 
which vegetables can be held in storage is lengthened 
only very slightly when the temperature is lowered from 
80° or 90° to 55*F. On the other hand, the life span 
may be increased very decidedly by a corresponding lower¬ 
ing ot the temperature below 55°F. Any precooling method, 
therefore, is of little use unless cooling to temperatures 
below 55°F. can be accomplished. 
f 
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Investigation by Bainsbury (40) has shown 
that the average life of apples held at 30°F. will be 
extended 35$ over those held at 32«‘F., so the Importance 
of two degrees In storage temperature should not be over¬ 
looked. 5alnebury*s Investigation has also shown that 
apples in boxes stacked directly on ground floors remain 
at a slightly higher temperature than those in the upper 
sections of the same stack. Because produce stacked on 
floors where there is a similar cold storage space be¬ 
neath do not display this difference, it is generally 
assumed that the variation is due to transmission of 
heat from the earth into the boxes in direct oontact with 
the floor. 
Bose, et. al. (33) found that radishes keep 
best at a storage temperature of 32*F. and a relative 
humidity of 90 to 95$. Bunch radishes may be stored for 
ten days to two weeks, and the tops will still retain a 
fresh aopearsnee if they are not crowded in storage and 
are free from surface moisture. 
In later experiments, Hose, et. al. (38) re¬ 
ported that celery is best stored at a temperature of 
31° or 32*F. with a humidity 90 to 95$, high enough to 
prevent wilting and with sufficient air circulation to 
keep the temperature at the top and bottom of the room 
as nearly equal as possible. Considerable heat is given 
11 
off by celery because of active respiration, end the sir 
at the top of a storage room is lively to be three to 
four degrees warmer than at the bottom unless special 
precautions are taken to avoid such conditions. 
Mallison and Pentzer (24) report that in 
their work with lettuce, the temperature in transit and 
the condition of the lettuce at the time of shipment eve 
the chief determining factors in its successful trans¬ 
portation to market. According to Rose, et. al. (38) if 
lettuce is in good condition vhen stored, it can be ex¬ 
pected to keep for two or three weeks. The beet tempera¬ 
ture for lettuce storage is 32®F. with a relative huml<2lty 
of 90 to 9b£. There is some evidence that it can be kept 
in better condition if ice is placed in the packages at 
the time of storage. 
In storage experiments, Platenius (34) noted 
that holding vegetables at a temperature of 35°F. from a 
few days to several weeks had no noticeable effect on the 
subsequent rate of breakdown when these vegetables were 
later transferred to higher temperatures. 
As Bisson, Jones and Robbins (5) have shown, 
the deterioration process in asparagus as evidenced by 
reduction in sugar end increase in fiber begins immediately 
i 
after cutting. These processes were greatly retarded al¬ 
though not suspended by holding the asparagus at 33°F. 
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The changee proceeded In direct proportion to the temper¬ 
ature of the asparagus and were most rapid during the first 
twenty-four hours after cutting. A temperature of 41®F. 
was much superior to 56* and 77 *F. In preserving quality, 
though not equal to 33°F’. Cooling the asparagus a3 soon 
as possible after cutting is, therefore, a good practice 
from the viewpoint of preserving quality. 
It was pointed out by Hose, et. al. (38) that 
fresh asparagus is not usually c toiled except temporarily 
when the market is overstocked. Experiments have shown, 
however, that it can be held successfully for three to 
four weeks at a temperature of 32*F. and a relative humid¬ 
ity of 85 to 90&. At this temperature, growth of the 
stalks, which takes place at higher temperatures, is 
practically nil. The original tenderness of fresh aspara¬ 
gus which at ordinary storeroom temperatures is lost soon 
after cutting owing tc the formation of woody tissue is 
preserved at the lower temperature. Furthermore, the sugar 
content to which asparagus owes some of its flavor and 
which after cutting rapidly deminishes at higher tempera¬ 
tures, remains practically the some as when the asparagus 
is out if it is put in storage immediately after cutting; 
therefore, the sooner asparagus is placed in proper 
storage after harvest, the better will be its condition 
when used. The loss of water while in storage or transit 
I 
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Is likely to be great if the stalks are not placed on 
moss or other moist absorbent material placed In the bottoms 
of the crates. 
Both microchemical and macrochemical studies by 
Bisson, Jones and Robbins (5) showed a general Increase in 
the amount of fiber in the epeexs at all storage tempera¬ 
tures. This was shorn in the number of lignlfied elements 
both in the pericyole and in the vascular bundles eslrell 
as in the percentage of crude fiber as ascertained by 
chemical analysis. The greatest increase (with one excep¬ 
tion) In fiber at all temperatures comes during the first 
twenty-four hours after the asparagus was cut but was 
least at the lowest temperature and greatest rst the highest 
temperature. 
In storage experiment* with lettuce, McKenzie 
(£6) noted a 6.33ji» weight loss after forty-eight hours of 
storage at 77*F.; a 1.21,* loss after sixty hours at 40°F. 
and a 1.21^ loss after sixty-three hours at 32°F. He found 
a close correlation between the temperature and deterioration 
and concluded that, the lose of weight vr.s five times greater 
at 77*F. than at 32 *F. 
Fffect of Humidity on Deterioration of 
Certain Harvested Vegetables 
There are two periods in the storage life of 
i 
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vegetables which should be considered in a discussion of 
moisture losses. Directly after vegetables are placed in 
storage, there is a period when they are at a higher tem¬ 
perature than the surrounding air. This is the period 
when they will lose moisture most rapidly. This is due to 
the difference in the pressure of the water vapor inside 
the vegetables and in the storage air (6). Comin (8) fur¬ 
ther asserts that there are two factors which are of 
primary importance in the storage of vegetables. The stor¬ 
age air temperature should be Kept close to freezing, and 
the relative humidity should be maintained at a higher 
level. 
Arnold (2) reports that the factors affecting 
the keeping qualities of fruits end vegetables are temper¬ 
ature, ventilation and humidity. Arnold (2) further recom¬ 
mends a relative humidity of about 85 to 90$ for apples in 
order to prevent shriveling and a loss in weight. In a 
more detailed discussion, Rose, et. al (38) recommended 
that leafy vegetables and root crops be storec in a relative 
humidity of 90 to 95p and most other vegetables be kept at 
85$ to 90%, 
It has been pointed out by Ccmin (8) that in 
the storage of vegetables, the vapor pressure deficit-is 
responsible for the rate of trans.plrs.tion. Both relative 
humidity and temperature effect vapor pressure of the air 
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within the intercellular (paces of the vegetable tissues 
and of the air surrounding the vegetables. The higher 
the temperature, the higher the vapor pressure will be. 
For this reason until the vegetables re\ch the same tem¬ 
perature as the surrounding storage air, they transpire 
rapidly. Naturally, the 'eight losses of vegetable* are 
most rapid just after they are placed in cool storage. 
Platenlus et. &1. (36) in transpir&tional studies found 
that shrinkage rate was higher for leaf ci’cpo than root 
orope and stated further that large roots lo.se less 
weight than small ones on a percentage basis. These in¬ 
vestigators concluded that vegetable s which present large 
transpiring surfaces to the air such as lettuce and celery 
suffer more wilt than vegetables with a small transpiring 
surface exposed such as carrots and squash. Gomln (3) 
reported that one effective method of reducing moisture 
loss from vegetables is to cover them or place them in 
closed but not sealed containers. This procedure confines 
the transpired moisture and thus tends to maintain a near- 
saturated atmosphere about the vegetables. 
That vegetables lose weight most rapidly im¬ 
mediately after harvest was pointed out by Huetenik (39). 
He found that leaf lettuce stored at 32*F. and 95$ relative 
humidity lost 3.7$ of total weight in the first eight days 
of storage. Following this eight-day period, fourteen 
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additional days passed before another S.'H weight loss 
occurred. Temperature and humidity conditions were main¬ 
tained at the same levels as during the first storage 
period. 
Patton and Miller (30) wording with eight 
different vegetables observed rapid loss in -/eight In all 
vegetables at room temperature. These investigations 
noted that v-eight loss rag somewhat reduced when vegetables 
were stored in artificial refrigeration and found no loss 
of weight when vegetables ,rnrc packed in crushed Ice. In 
addition, they observed that most of thp vegetables packed 
in ice gained about original weight. 
Freoocling Vegetables 
Precooling has been defined recently by Fisher 
(12) as •‘the comparatively rapid reduction of the temper¬ 
ature of a commodity before shipment to or below that 
temperature which it might ultimately obtain during trans¬ 
it under conventional refrigeration practices'1. 
Pentzer et. al. (31) states that the practical 
reasons for precooling in many cases are—first, to remove \ 
the field heat from the commodity so that transit temper- 
» 
atures will be lower during the first part of the trip, 
and, second, to refrigerate the load sufficiently so that 
it will require less ice in transit. By cooling asparagus 
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as soon as possible, Pentzer et. al. (31) also noted that 
several benefits were obtained that may not be apparent 
to the shipper or receiver. If temperatures in transit 
are sufficiently lo v, protection from spoilage organisms 
is afforded. This benefit is usually self-evident. Low 
temperatures likewise preserve the quality of asparagus. 
Another reason for cooling, therefore, is to keep the 
heat of respiration low. This is particularly important 
with asparagus for its respiration rate and heat-evolving 
capacity are extremely high. 
Pentzer et. al. (32) points out that it has 
long been recognized that within certain definite limits, 
the higher the temperature, the faster fruits and vege¬ 
tables will ripen and soften and the more rapidly disease 
micro-organisms v/ill develop to the stage where serious 
damage is done to the commodity. It follow® then that 
the more quickly these products are cooled after harvest¬ 
ing, the longer their commercial life should be. This is 
the aim of precooling. In recent years, precooling has 
been also resorted to as a method of pre-refrigerating 
the carload of produce so that less ice would be heeded 
in transit, thereby permitting shipment under much lower 
refrigeration tariffs. 
Platenius (35) found that the beneficial 
effects of precooling has been over-rated by some grower's 
r^nd shippers. Precooling Is lees effective then might be 
expected because the cooling rate of lettuce is exceed¬ 
ingly slow ?’hen the lettuce Is held in a cold storage 
room. Ordinarily, a minimum of thirty hours is required 
to lower the temperature of the lettuce to 40°F. During 
the intervening period, deterioration still orooeeds nt 
an appreciable rate. Also, the effect of precooling 
ceases soon after the crates are removed to a higher 
temperature. 
In M&lllson'g (23) opinion, precooling, or a 
rapid temperature drop, 3.3 essential during warm weather. 
Fie states that there ere at least three methods available. 
He has found room precooling to be slow. Tie maximum 
temperature drop of prepackaged produce in faster contain¬ 
ers under the best conditions is around one degree p^r 
hour. Hydrocooling is efficient and effective in living 
a rapid temperature drop arc is being used successfully 
on a commercial basis. 
The liTGited experience with vacuum precooling 
in the produce field has be°n encouraging. So far, the 
use of preoooling of prepackaged items has been on an 
experimental basis but results indicate that we should 
get as good results with produce in closed containers 
such as perforated cellophane bags, for example, as ere 
being obtained commercially with lettuce in crates. 
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The Ice bag in the sutler container or 
crushed ice loose over the prepackaged produce eleo dees 
a good Job of precooling. Both poor *nd good results 
have been reported with the ice bag. Mtllison’e experi¬ 
ence has been generally satisfactory for twenty-four hours, 
he suspects that the poor ret alts have teen due to either 
an insufficient amount of ice or the produce has been held 
too long a time. The ice bag has definite limitations, 
and if these are unaeretcoc., the results should be satis¬ 
factory . 
For 1948, which is representative ol the 
average, the Association of American Railroads shoved that 
freight loss and damage payments for fretn fruits, vege¬ 
tables and melons amounted to £20,469,970, and of this 
total, ^11,848,216 w*as attributable to ’’causes which may 
be controlled in some measure by shipper cooperation". 
To a great extent, this meant poor handling, loading 
practices and inadequate precooling (13). 
Kydrooooling and cold-air cooling are the two 
methods of precooling which are commonly used in the vege¬ 
table growing industry. A brief review of hydrocooling 
will be consiuered first. 
Rear (37) defines hydrocooling as refrigeration 
of vegetables with iced water or iced water sprays. 
Perry (33) describes tv/o types of water precool- 
20 
ing units. In the first, tbs cratee ?r? partlolly sub¬ 
merged vhile they are carried through a tank on r conveyor 
vlth pome water spray or flood from above. In the other, 
the convenor Ip, above the tank rater level, .end entire 
reliance Is pi'red on the overhead flood. 
Hear {£7} deeeribee In mere detail the flret 
type of hydro cool c r mentioned. by Ferry (?3). Hf describes 
It r.s & portable unit some 30 ft. In length containing a 
tr.nk of rater over rhJoh rune a dropper-type conveyor for 
feeding packed, crater of commodity through the msohine. 
A large propeller-typr cv-mp recirculates shout 2,00o pals, 
of rater per minute 41c > falls in the form of spray over 
the gco&s as they are conveyed tv-roug^ th» machine. Re¬ 
frigeration is supplied in the form of crushed ice, the 
machine being furnished with a crushing device to break up 
the 300-lb. blocks of ice as they are fed to it by the 
operator. The purpose, of course, is to euo^ly crushed 
ice so that it will malt more raoidly and thus increase the 
rate of applying refrigeration. These machines will consume 
ice at the rate of 3 tns. per hour thus apolylng refriger¬ 
ation at the rate of 72 tns. per twenty-four hours. 
Cardinell (7) explains the operation of a 
atericooler which is very similar in operation to the, 
overhead type of hydrocooler. Stericooler is a patented 
device designed to drench produce tT 1 th ice rater in rhich 
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r germicidal agent may he incorporated. nhen the vater 
ia maintained at 32 • F. (C*C.) produce loses about forty 
degrees of field heat in ten to twenty minutes as it is 
conveyed through the machine. 
The refrigeration required in a hydrocooler 
is, of course, dependent upon the temperature reduction 
of the commodity, the refrigeration losses from the unit, 
the pump energy input, the cooling of fresh *-nter when 
the tank is initially filled and the ice unavoidably re¬ 
maining at the end of the de}*e run (33). 
Perry (33) cites an example of the amount of 
ice needed by e hydrocooler during the course of a day’s 
operation which If of interest. Ice reoulrcd for coding 
the tpnk initially is 1 1/4 lb?, rer gallons of 60°F. 
rater, or 1900 lb?, for a 1500-gal. tank. For commodity 
cooling only, each 100 Tbs. of produce coolpd through 
ten degrees required 6.3 lbs. of Ice. For maintaining a 
melting ice surface large enough to keep the rater temper¬ 
ature at 34°F., e unit ^ith a 1500-gal. tank handling 360 
36-lb. crates per hour must have in it 1,000 to 150C lbs. 
of ice which is largely unusable at the end of the day’s 
run if the last cretp is to be properly cooled. The ice 
melt age from a pump driven by a 5-h.p. motor is about. 70 
. 1 
lbs. per hour. The refrigeration losses from this size 
of unit are equivalent to from 50 to ICO lbs. of ice per 
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hour. Thus in a six-hour run, cooling three cars of 60S 
crates, each weighing 36 lbs. through 40°F., the ice re¬ 
quirement would be about 20,000 lbs. or sixty-seven blocks. 
In practice, the usage ranges from 5,000 to 7,000 lbs. per 
car. 
Perry (33) states that in addition to the direct 
engineering problems of heat transfer, commodity and water 
movement and construction, there are problems in the ap¬ 
plication of these units. One important factor is the 
possibility of spread of infection from diseased to healthy 
produce by the recirculating water. Obviously, infected 
bunches, spears or heads should, of course, be culled before 
going through the cooler. Although many of the types of 
organisms which may be carried into the water by vegetables 
at transit temperatures and humidities, it would be 
desirable to keep the water as clean as practicable by 
preweshing the produce and by continual addition of fresh 
water to dilute the dirt, suspended plant material and 
organisms which otherwise unavoidably accumulate. 
Pentzer*8 (31) results using a tank filled 
with ice water for precooling of asparagus Indicate that 
this method of cooling has advantages over the one of blow¬ 
ing cold air through the load. The principle advantage is 
the more rapid heat transfer, but the freshening effect of 
the cold water should have some value. Asparagus cooled 
( 
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by standing In ice water weighed about 1 lb. more per 
crate than that handled in the usual way probably because 
of the water which is absorbed or carried "lth it. This 
additional moisture should assist in preserving its fresh¬ 
ness. Inspection on arrival did not reveal that the ice 
water treatment had any deleterious effect contrary to 
the general belief that wetting the spears, particularly 
the tips, was harmful. 
Perry (33) reported using the overhead type 
of hydrocooler with asparagus, cooling rates ranging from 
0.1 to 0.33 degrees drop per minute per degree difference 
between commodity and water were obtained. The lower 
value was observed in early trials before the unit was 
perfected while the higher figure represents exceptionally 
favorable performance. With a rate of 0.3, the commodity 
oan be brought from 76* to 40*F. ^ith 34*F. water in seven 
minutes and to 36°F. in ten minutes. With a rate of 0.2, 
it will take ten minutes to reach 40°F. and fifteen minutes 
to reach 36°F. 
Excepting the poor appearance of crates and 
labels which resulted from the extreme wetting, Perry 
(33) reports that asparagus in seven water-cooled cars 
carefully examined on arrival in New York from California 
were in better condition as regards to freedom from wilt¬ 
ing, mold and bacterial soft rot than four air-cooled cars 
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shipped for comparison during the 1937 season. Although 
incipient decay was noted in a few spears in all cars, it 
was more pronounced in the air-cooled cars. 
Rear (37) found in so far as speed of cooling 
is concerned, top icing does not produce the results that 
can be obtained with hydrocooling. Consequently, some 
commodities are hydrocooled before top icing. Perry (33) 
reports that freshness is promoted by water cooling for 
instead of the slight evaporation incidental to air cool¬ 
ing, there is a carryover and retention of about 1 lb. of 
water per crate . 
In contrasting the refrigerating efficiencies 
of cold-air cooling and hydrocooling, Rear (37) found the 
immersion-type hydrocooler to be extremely efficient and 
rapid in operation. Goods such as asparagus are completely 
precooled in ten to twelve minutes as compared with about 
ten hours previously required with the car precooling method. 
Zink (50) reported that using an overhead-type 
precooling machine, the water of the precooler being at 
approximately 3b*F., the celery was precooled quickly and 
thoroughly. Using this method of celery preparation is 
highly satisfactory. Wilting and decay have been almost 
totally eliminated, and refrigeration costs have been re¬ 
duced considerably. In order to bring the commodity below 
40°F. in a hydrocooler in ten to fifteen minutes, Perry 
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(33) recommends that the water temperature must be below 
36°?. preferably at or belov/ 34°F. This requires ample 
cooling surface and high water velocities in the ice melt¬ 
ing tank or refrigerant evaporator. 
Perry (33) concludes that water-cooling units 
require only ten to sixteen minutes as compared to eight 
to fourteen hours for portable air-cooling units; the 
higher resultant humidities tend to favor freshness, and 
reasonable sanitation must be practiced if decay from con¬ 
tamination spread by dirty water is to be avoided. 
Cold-air cooling is a second form of precool¬ 
ing; it is not used to any great extent in the vegetable 
growing industry here in Massachusetts but is of great 
importance to the growers in the West, mid-V/est, Southwest 
and South. A review of some of the more pertinent liter¬ 
ature on cold-air cooling follows: 
i 
Lincoln (21) states that for a thorough under¬ 
standing of the construction and operation of cold-air 
precoolere, one should have a knowledge of engineering, 
controled circulation of air, heat-producing capacities 
of produce and effect of relative humidity on quality of 
vegetables. Lincoln (21) briefly describes a typical cold- 
air precooler. He notes that usually an iced bunker is 
located at one end of a storage room. Cold air is blovm 
from the top of the bunker across stacked produce in the 
I 
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room. The refrigerated air returns to the bottom of the 
bunker for recirculation. On return, cold air passes 
through crates of produce and cools the commodity. 
Pentzer (31) reports that precooling and 
shipment in fan cars have been used in lieu of package 
and body icing. Temperatures of about 35°F. were main¬ 
tained in these loads. This method of shipping is em¬ 
ployed for California dry-pack lettuce after it has been 
vacuum cooled. Vacuum cooling is particularly appreciable 
to leafy vegetables that have a large surface for evapor¬ 
ation of moisture in proportion to 6ize. Oranges cooled 
only three degrees, tomatoes six degrees in the same 
length of time that lettuce cooled thirty-six degrees. 
High vacuums are employed, about 29.8 ins. to provide 
evaporating temperatures of about 32°F. 
Dewey (9) points out a possible serious dis¬ 
advantage of cooling vegetables by means of air blasts 
and vacuum as compared with crushed ice or ice-water cool¬ 
ing is the danger of excessive dehydration of the product. 
This may not be the problem when preoooling or refrigera¬ 
tion is accomplished by contact icing or hydrocooling 
since water is more likely to be added to the product than 
removed. 
In an experiment to compare the transit tem¬ 
peratures and the conditions upon arrival of asparagus 
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cooled by portable fans end asparagus cooled by standing 
in ice water before packing with a short period of pre- 
cooling in the car, Pentzer (31) reported the following 
results. The aspararus precooled in the usual way by 
portable fans averaged 40.5*F. after eleven hours of fan 
precooling; that in the oar precooled first with ice 
water and then by car precooling reached 40.1#F. in six 
hours; 38.8*F. in eight hours. The temperature in transit 
in these two care shipped under standard refrigeration 
were about the same except at the top quarter-length posi¬ 
tion on the eighth and ninth days when the fan-cooled car 
wss four to five degrees cooler than the oar cooled with 
ice water and fans. The asparagus in both cars arrived 
in excellent condition—no difference between the two cars 
being discernible. 
Pentzer (31) found that with asparagus, the 
refrigeration requirement for the heat of respiration is 
large. According to his investigations, the heat evolved 
during precooling from 70 to 40°F. in a period of twelve 
hours would approximately 297,000 B. t. u. This figure 
is obtained by assuming that the heat liberated is from 
the combuslon or respiration of hexose sugars. The ice 
required to supply refrigeration for these two sources of 
heat together with other requirements for a carload of 
asparagus precooled from 70 to 40°F. in twelve hours with 
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fans would require 6,519 lbs. of Ice. 
As refrigeration of prepackaged vegetables 
before delivery to retail stores appears desirable, tests 
were made by Hardenburg (14) to determine the most rapid 
rate of cooling packages in a 35°F. produce cold room. 
Wax beans and peas were tested using three arrangements 
of packages—individual packages on shelves, twelve pack¬ 
ages in a sealed shipping case and twelve packages out of 
the shipping case until Just before delivery time proved 
to be the most rapid method of precooling the packaged 
vegetables. 
Iclng Packages and Loads of Vegetables 
Patton (29) remarks that lose in fresh vege¬ 
tables due to spoilage end changes in weight may be con¬ 
siderable during transportation and marketing. It has 
become a common marketing practice in certain parts of 
the country to ice produce such as lettuce, spinach and 
carrots at the time of harvesting in preparation for ship¬ 
ment. Produce packed in this manner and shipped in re¬ 
frigerator oars reached our local market centers in first- 
class condition even though it may have been in transit 
♦ 
for several days. The local producer must compete with 
this producer, and unless he uses some means of preserving 
the garden-fresh appearance of his products, he may find 
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that he cannot obtain the highest prices. 
Mallison and Pentzer (23) report that the 
temperature of ice, as of any inert, nonliving substance, 
follows rather closely that of the surrounding air. In 
fact, ice responds more readily to a change in temperature 
of the surrounding air than does any other substance be¬ 
cause of its low specific heat. If ice that has been 
stored at a low temperature is quickly placed in contact 
with lettuce or any other commodities ordinarily shipped 
with body ice, it is likely to cause freezing injury to 
the commodity. Although in many cases the temperature of 
the ice might not be sufficient to cause freezing injury, 
it does cause the commodity with which it comes in contact 
to freeze more quickly and severely when subsequently 
exposed to low temperatures. Fisher (12) warns that the 
principle precaution we must observe in using ice is to 
see that it is not much colder than 32°F. because of the 
danger of freezing that with which it comes in contact. 
Lewis (20) maintains that smell sizes of ice 
should be used in vegetable packages. He adds that large 
chunks might cut or bruise commodities when a crate cover 
is forced into place. Mallison and Pentzer (23) offer a 
word of caution if there is a bulge to crates which have 
been iced. The three bottom layers of a load should be 
placed on sides or damage might result from pressure of 
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top crates. They specify that this is particularly true 
when large sizes of crushed ice are used in packages. 
Spangler (44) reports that most shippers are now using 
snow or crushed ice over the tope of loads although sone 
shippers still use block ice. The advantages of crushed 
or snow ice over block ice is that it c uses less damage 
to packages during the transit period. 
Rear (37) found for most commodities contact 
ice will reduce the temperature at all parte of the crate 
well under 40°F. within several hours. This is sufficiently 
rapid cooling for all practical purposes and faster than 
could be obtained with either car or house cooling. 
Spangler (44) reports a recent development in 
protecting the lettuce with waxed or parchment paper so 
that the ice does not come in contact with the heads. 
One method not yet perfected commercially consists of 
piecing the ice in a sort of envelope between the layers. 
Another method consists of folding a long strip of paper 
alternately back and forth over each layer of heads and 
each layer of ice so that the ice is between the folds 
of paper. The advantage claimed for keeping the ice from 
coming in direct contact with the lettuce is that the 
leaves are not ice bruised and that midribs of the outer 
leaves are not discolored. 
Bratley (14) pointed out that when vegetables 
f 
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were packaged In tight materials that retarded the 
transfer of heat, considerable refrlgeratlon must be 
supplied to offBet the slow diffusion of heat from them. 
He found that with green beans that only the bottom layer 
of packages In a refrigerated cose was satisfactorily 
cooled If they were at room temperature when put In the 
case. 
In a later paper, Spangler (44) states that 
most of the 7/estern oacsers of lettuce now line their 
crates with waxed or parchment paper which covers the 
bottom, sides and ends and folds over the top. The paper 
liners protect the hands from dirt, mechanical Injury, 
disease infection, keeps ice within the orate and aids 
in maintaining a lower temperature. Brown (6) found that 
by using various types of paper liners, the quality of 
produce may be preserved by providing mechanical protection 
against bruising,by preventing the loss of moisture, by 
preventing the spread of diseases and in some measures 
by delaying detrimental internal changes of a ohemioal 
nature. Brown (6) further states that products which are 
shipped In contact with water or ice if wrapped require 
a paper such as parchment or "whalehideM, which will 
stand up under such conditions. These papers not only 
remain untorn when wet but provide the proper degree of 
ventilation and protection against desiccation for such 
products. 
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Wet strength paper liners placed In Ice 
packages of vegetables are used extensively. Holbrook 
(1?) defines vet strength papers as those which retain 
a substantial degree of tiieir original strength properties 
after liuir.ersion in water. The terra is generally applied 
specifically to paper which has been treated by beater or 
tub sizing with a urea formaldehyde or metaraine-formol- 
dehyde resin. 
In his extensive work on paper wrappers. 
Brown (6) noted that the chemical effects resulting from 
the use of paper wrappers and liners are negligible. 
Wrappers do not prevent the conversion of sugar into 
starch in corn and peas, and they do not improve the 
quality of grapes to any marked degree. An exception 
to the effect of paper on chemical changes is that of 
oiled papers which are used to prevent apple scald. In 
a survey conducted by Brown (6), he found that most 
commission merchants and grocerymen favored the use of 
parchment paper for wrapping and lining boxes of certain 
vegetables. There were also certain objections. Some 
stated thet there is a tendency to use such papers to 
conceal defects. Others favored the paper for protective 
purposes but not for display as the paper conceals the 
attractiveness of the products. 
According to Pentzer (31), leafy vegetables 
t 
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euch as spinach, greens and lettuce and other perishable 
vegetables such as broccoli, cauliflower, sweet corn and 
peas require temperatures as close to 32°F. as can be 
obtained. By a combination of package icing, top icing 
or body icing and ice bunker refrigeration, rail ship¬ 
ments of lettuce can be held at 33* to 34®F. even in 
warm summer weather. Temperatures of 40°F. have been 
maintained in truck shipments of corn heavily body iced 
with about as much ice as corn. 
Petton (2S) reports th&t a study in hie 
laboratory indicated that the method of handling vege¬ 
tables from time of production to time of consumption 
was a factor in the rate of change in weight and nutri¬ 
tive value. The use of crushed ice refrigeration was 
found to be superior to the three other storage condi¬ 
tions tested; that is, excosed to air at room temperature 
(approximately 80*F.) on top of crushed ice In an open 
display case and in refrigeration at approximately 
50°F. Most vegetables were inedible after ten days* 
storage at room temperature. Leafy vegetables such as 
sv/iss chard end lettuce lost weight and vitamin C 
quite rapidly when stored on top of ice and in refrig¬ 
erators. The more compact vegetables such as cabbage; 
asparagus and peas lost less rapidly at those two 
storage conditions. The garden-fresh appearance, 
l 
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original weight and a large percentage of vitamin C 
content was preserved for as long as ten days in vege¬ 
tables paoKed in crushed ice. Kaloyareas (16) disagrees 
with Patton (29) in that he found it took a longer time 
to cool fruit in the car when ordinary ice is used and 
the tempex*atures never reach optimum conditions. There 
is a wide variation in temperature in the lower and upper 
parts of the oar as well as a continuous increase of the 
average temperature during transit after the minimum 
temperature had been reached. 
Maliison and Pentzer (23) found with lettuce 
that the contret of the package ice with the heads gives 
sufficient rapid cooling of the lettuce to make precool¬ 
ing by oiechanloal means unnecessary. Moreover, no sig¬ 
nificant saving in ice can be expected because of pre¬ 
cooling since the ice meltage in transit of precooled 
and noncooled cars was practically the same. In the 
same peper, Maliison and Pentzer (23) noted that thirty 
to thirty-five pounds of finely crushed ice in the pack¬ 
age was sufficient to provide the necessary quic* cool¬ 
ing and the moisture needed to keep lettuce fresh and 
crisp. This quantity is small enough to induce no un¬ 
due slackness of the pack when it has melted. A source 
of moisture inside the crate is required because the 
waxed paper liner- prevents the entrance of water from 
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the melting top Ice. 
Ice Refrigeration on Rete.ll Store Produce Counters 
In the modern grocery chain store, according 
to Warren (48), It has been found necessary to keep all 
fruits and vegetables under refrigeration until they 
reach the consumer. Fruits and vegetables which are 
refrigerated ere placed In storage coolers promptly upon 
arrival at the store. They etay In this storage cooler 
until they are removed to regular or refrigerated produce 
c&eee where they ere displayed to customers. 
Study of the losses and damage by Rauch (15) 
occasioned by the necessary trimming, sorting and recon¬ 
ditioning in retail stores has revealed that of each 100 
lbs. (not including containers) received in stores, 
36.1 lbs. of bunched beets, 38.3 lbs. of cauliflower, 
80.4 lbs. of head lettuce and 14.8 lbs. of broccoli had 
to be disposed of as garbage. 
The cost of c eration of a vegetable display 
is of prime Importance to the averepe retail grocer yet 
even though © display method is considerably lower in 
cost, other factors such as the amount of product loss 
*’ * • 
due to trimming and dehydration and the general opinion 
of the consumer must be equally considered. The ice dis¬ 
play involves high daily operational costa but also re- 
t 
The ice display suite in lorer percentages of waste, 
appeals to the consumers; produce so displayed will 
sell (27). 
Warren (43) has found that the quality of 
perishable products is improved when the employees of 
a store are trained in the proper handling of refriger¬ 
ation facilities. This is especially true in the case 
of fresh vegetables and fruits. This requires s con¬ 
stant training pro ram end strict established procedure 
to insure prompt handling from warehouse to truck and 
from truck to store and again in the handling of the 
products within the store. 
Oeaterle (27) in using a consumer panel of 
seven housewives found that on the average they repeatedly 
selected produce from the ice display as their choice over 
produce displayed in other manners. Patton (29) also re¬ 
ports that customers remarked concerning the attractive 
appearance of the iced vegetable display as a whole and 
concerning the fresh appearance and crispness of vege¬ 
tables held in ice. These two stores were of the self- 
service type, and customers in general did not object 
to removing produce from the iced tray. Some vegetables 
such as green beans end peas did present a problem in\ 
handling vhen they were not packaged. It is suggested 
that raoletureproof containers be used for displaying 
3? 
such vegetables in crushed ice. The management of these 
two retail stores has recognized the value of the use of 
crushed ice in the overnight storage of vegetables. The 
results reported in this paper indicate that there is 
less waste from spoilage and sloughing, no shrinkage, 
some saving in time and lsbor and Indication of increased 
sale due to the use of crushed ice in the display of fresh 
vegetables and overnight storage. 
Hardenburg (14) reported that in using ice 
trays which consisted of 2 x 4 ft. ruetal trays b ins. 
deep with three to four inches of crushed Ice (one-half 
inch to one-inch pieces)in them that they required re¬ 
plenishment only once during the day. 
Oesterle (27) found that ice displays pro¬ 
vided both low temperature and a high humidity by sur¬ 
rounding the produce with snow ice. The melting ice 
offered both an abundance of moisture and very low tem¬ 
peratures. 
Oesterle (27) found that ice display cases 
seem to most nearly achieve the vital balance of high 
humidity and low temperature. Oesterle (27) in another 
part of the same paper notes that the ice display case 
• 
was likewise a storage display, for in the evenings a 
layer of enow ice was spread over the vegetables and a 
heavy paper covering placed over the entire case. By 
i 
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corning, the layer of ice was usually melted away expos¬ 
ing the vegetables for display. Throughout the day, it 
-was necessary to replenish the snow ice surrounding the 
vegetables several times. During the trimming and re¬ 
arranging period, the bottom layer of ice in the case 
’vaa replenished and chopped up so that more of the molt¬ 
ing surface was exposed. 
Stelpflug (45) reports that many people still 
believe that display reeks using crushed ice are better 
for produce retail use than are the mechanically refrig¬ 
erated produce caees. He believes that ice is theoretic¬ 
ally a good medium for refrigerating produce because it 
does refrigerate while giving moisture to the product. 
He believes, however, ice to be less satisfactory than 
mechanically refrip-erated produce display cases for many 
reasons—ice is expensive; it ic not always possible to 
secure crushed ice; it is iraprac ioal to attempt to keep 
the weekend leftovers on the display rack because there 
ie no satisfactory means for keeping this product proper¬ 
ly iced from Saturday night to Monday morning. Ice racks 
usually make for & mess in the area around the racks. 
Pannkuk (£8) draws the following conclusions 
in his experimental work on retail ice displays: !* 
1. Iced produce minimized weight losses (a) 
no more w 11 ted looking produce, (b) 
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shrinkage saving from 3to 5$>. 
P. Cold temperature retains full vitamin 
content and flavor. 
3. Investment lo1 , capital free for fast- 
turning merchandise. 
4. Sales appeal great (a) produce looks 
fresher, (b) sprinkling of ice enhances 
nature colors. 
3. Sales potential is great, tfany retail 
food stores have produce sales of 
to 30 of the total store sales. This 
is accomplished through good merchandising. 
MATERIALS AUD METHODS 
Packages of ve ^tables rere iced in pecking 
sheds st various farms in Massachusetts or in the pack¬ 
ing shed ©t. the University of Massachusetts, at Amherst. 
The crates or bores of vegetables were then followed to 
the wholesale market as in the case of ©socragus and 
celery or from the grower to the wholesale market end on 
to the retail store in the case of lettuce and radishes. 
Crate temperatures and various tests ^ere made at critical 
times during the marketing operation and deterioration of 
the produce was noted. 
I 
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Vegetables Used 
In selecting vegetables for experiments, cere 
ras taken tc Include commodities which ere representative 
of those commonly marketed in Massachusetts. Typical root, 
stem, leaf and seed crops were selectee. The vegetables 
which v'ftre chosen represent a wide range of heat evolu¬ 
tion capacities. The following four vegetables vere used 
in these experiments (head evolved per ten of vegetables 
at e storage temperature of 60°F. in a twenty-four hour 
period 13 listed with each product): 
Asparagus (73,460 B. t. u.) Radishes (11,862 B. T. u.) 
Lettuce (45,980 B. t. u.) Celery (13,520 B. t. u.) 
(38). 
Ice Oradeg 
Crushed Ice is known variously ss sized, pro¬ 
cessed, sir ved and bagged Ice. To manufacture tills ice, 
bar or cake Ice is placed In a grinder which is equipped 
with hook teeth. From th~ grinder, pulverized Ice is 
dumped into n large rotating wire drum. The crushed ice 
then drops through the wire into individual bins thereby 
separating the grades of processed or sized ice. The 
loe industry has standardized crushed ice Into five grades 
according to the size of wire meah through which ice >111 
\ 
pass. The following list gives these grades with the 
\ 
designation used in this paper. The trade term which is 
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sometimes applied and the else of the mesh through which 
ice of a given grade will psab is also listed: 
Or ad e Designation Used 
in This Pener 
Trade Term Size of 
Wire Mesh 
z
 
0
 
•
 1 ice 10 snow ice 3/16" 
No. 9 ice 2# fine ice 1" 
No. 3 ice 30 medium ioe 1 1/2" 
No. 4 ice 40 coarse ice 2" 
No. 5 ice or 50 crushed ice directly 
run- 
ice 
-of “-the -line from grinder 
without 
si zing 
Amounts o 1 Ice Used in Container3 
The amount and size of ice used, for the various 
paces differed with the size of the container and the com- 
1 
modiiy being iced. Tne distance and time required for the 
produce to be moved through normal marketing channels was 
a3-ao taken into consideration. 
Another variable was the placement of Ice in 
the package and length of hydrocooling. Some vegetables 
were packed in containers with ice divided in three layers, 
some with t?ro layers and some v/ith ice placement on the 
top of the package only. To obtain further combinations, 
different grades of Ice were used in some of the packages. 
In a number of experiments, the produce was hydrocooled 
in different types of hydrocoolers and for varying lengths 
of time. In many experiments, the packages were lined 
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with wet-strength paper before they ?/ere packed and iced. 
Packing and icing will be treated more in detail for 
specific experiments under PRESENTATION AND DISCUSSION 
OF DATA. 
Thermometers and Use in Packages of Vegetables 
Pentzer, Wiant and MacGillivray (32) in re¬ 
cording the temperatures in carloads of melons used 
electrical resistance thermometers connected through 
leads to a master cable equipped with a metal door plate 
upon which the car doors could be closed. Dewey (9) in 
his work with lettuce recorded the temperatures at the 
centers of the lettuce heads and of the air with the 
chambers during cooling by thermocouples. 
Several other workers, (33), (14), (27), 
(38), (9), have used electrical resistance the mometers 
for recording package temperatures. All of these studies 
have been conducted in refrigerated rooms or in cars or 
trucks on long-distance shipments. 
Glass or metal thermometers have not been 
used very extensively for obtaining package temperature. 
They are mainly used under laboratory conditions; however, 
Dewey (9) obtained the initial temperatures of cherries 
and grapes by means of a mercury thermometer placed in 
the tills and between the fruits. 
Temperatures were taken with Weston all-metal 
a 
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Fahrenheit thermometers (Fig. 1 ) throughout this experi¬ 
mental work. This type of thermometer has a circular 
dial which is 1 3/8” in diameter. Temperature is re¬ 
corded on the glass-faced dial. The large dial was 
found to facilitate reading of temperatures, particularly 
when lighting was poor. The thermometer is equipped with 
an 8-in. stainless steel stem. Only the last two inches 
of the stem are sensitive to temperature. Temperature 
recording is guaranteed to be accurate to one-half of 
1$ over the total scale (0° to 180°F.). 
Thermometers were placed in the center of a 
package with the stem end in the container and the face 
of the <SaL against the outside of the orate. Because of 
the localized sensitivity of the stem, temperatures were 
obtained six to eight inches Inside the pack. 
Temperature Recording Notes 
Special care was used in placing thermometers 
in the crates of vegetables. In the experimental work 
with asparagus, the temperatures were obtained from the 
time of harvest up until the asparagus was bunched by 
Inserting the thermometer 3 ins. into the base of the 
asparagus spear. At each hourly recording, ten such read- 
% 
ings were taken on ten different spears. These ten read¬ 
ings were then averaged, and this average was taken as 
the temperature of the asparagus at that point in the 
experiment. 
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The same procedure was used in working with 
the other vegetables from the time of harvest up until 
they were packed in crates. From the point where the 
vegetables were packed in the crates, the placement of 
the thermometers varied depending upon the size and the 
location of the different grades of ice. The placement 
of the thermometers for each experiment will be discussed 
in more detail in the PRESENTATION AND DISCUSSION OF 
DATA. In any case, the temperature readings were obtained 
in each crate by inserting the thermometers in three dif¬ 
ferent places throughout the crste. The needle on the 
dial was allowed to come to test and the temperature re¬ 
corded. In paper lined crates, a small hole was punched 
in the paper, and the thermometer stem was inserted 
through the onening. 
Pressure Tester and Use in Determining Fiber Content 
of Asparagus 
The Important factors of quality in asparagus 
are color, flavor and freedom from fibrousness. Although 
there is practically nothing in the literature on the 
objeotive determination of asparagus color and flavor, 
several methods for determining the fibrousness or tough¬ 
ness of raw and canned asparagus have been suggested (18). 
Kramer (18) in using an adaptation of the 
pressure tester commonly used for measuring the firmness 
of fruits where the plunger was replaced by a piece of 
« 
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stainless steel .017M thick received correlations that 
Indicated that there Is generally good agreement between 
fiber content, pressure values and organaleptle ratings. 
Wilder (49) developed an Instrument called 
the "Fiberometer" for measuring the fibrousness of canned 
asparagus. The Instrument consists of a stainless steel 
wire to which a 3-lb. weight Is attached. A stalk Is 
considered tender to the point farthest from the tip that 
the wire will cut. 
forking with raw asparagus, MacGillivray 
(22) used the conventional fruit pressure tester with 
1/8* plunger and found the resistance increased with 
duration of season and distance from the tip. Lee and 
Sayre (19) reported a correlation of .900 between 
tenderometer readings and organaleptle tests. The tender- 
ometer readings were obtained by filling the sample space 
with 4.5H stalks. 
Smith and Kramer (43) presented a raold 
method for determining the fibrous material in canned 
green asparagus and showed that the fiber content increases 
rapidly beyond the natural snapping point of the stalk. 
Values obtained by this method were not affected by 
various canning procedures. Fiber of fresh and frozen- 
asparagus may be determined by the same method if it is 
preceded by & cooking treatment. 
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In carrying out this determination, a com¬ 
posite sample of five spears was used, four of them were 
used in the determination and the other was carried as 
a control. The four spears were treated in exactly the 
same way the other experimental asparagus was treated, 
and the control underwent no treatment at all. 
The instrument used in making these deter¬ 
minations was an adaptation of the pressure tester com¬ 
monly used for measuring the firmness of vegetables 
where the plunger was replaced by a piece of stainless 
steel .017M thick (Fig. 2 ). Pressure was applied on 
the instrument until the blade Just cut into the aspara¬ 
gus spear. The reading on the scale at this point was 
noted and recorded. The determinations were all made 
approximately four inches from the tip of the spear. 
Color Determination in Asparagus 
The existing standards of the United States 
Department of Agriculture are almost entirely subjective 
in that they rely primarily on the Judgment of a trained 
inspector. United States standards for raw green aspara 
gus include only the factors of color and size with the 
exception of factors that may be considered as defects. 
• 
The color factor has no definition except a statement * 
that a given length of the stalk must be green (18). 
Scott, Kramer and Guyer (42) found the green 
47 
FlKure ^1 
Weston All-metal Thermometer 
Used in Experimental "ork 
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color of the asparagus spears to decrease during storage 
but the temperature of the storage had little effect on 
color. 
In the case of color, it was impossible to 
oheok the contents of all the crates. Here a composite 
sample of ten spears was used in each experiment. Five 
of these epeors were used for experimental, purposes, and 
the other five were carried as controls. The color was 
evaluated using the l-to-5 method, 1 being the green 
color of a freshly harvested asparagus spear. 
The DICTIONARY OF COLOR by Maerz and Paul 
wee used for color evaluation: FI ate 19-X-3 was No. 1; 
Plate 20-K-5 was No. 2; Plate 20-L-3 was No. 3; Plate 
20-L-8 was No. 4 and Plate 21-L-8 was No. 5. In match¬ 
ing unknown samples with some color in the Dictionary, 
the two surfaces to be compared were placed side by side 
on the same plane. Next, a piece of black paper 4* square 
with two holes 1 1/8 w by 3/4" was placed over the sample 
so that it showed through one of the holes and the color 
used for comparison showed through the other hole 
(Fig. 3 ). All color comparisons were made on asparagus 
two inches from the tip of the stock. Matching of color 
during the day took place under clear north skylight, and 
all night color matching was done under artificial illumi¬ 
nation—a three-cell electric flashlight. 
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Amount of Feathering In Asparagus - Notes 
Here again, ten spears which represented a 
composite sample were selected In each experiment. Five 
of the epeare were treated according to the experiment 
in progress, and the other five were carried as controls. 
The amount of feathering was evaluated using 
the l-to-5 method where 1 was a tight compact head. In 
an effort to Keep results consistent, a photograph was 
taken of five soears of asparagus, each one representing 
one of the five grades (Fig. 4 ). This photograph was 
used as a standard of comparison throughout the experi¬ 
mental work. 
P re cooling Vegetables with Iced 7/a ter - Notes 
Precooling witn iced water will be referred 
to in this discussion as hydrocooling. Studies were 
conducted on three types of precooling units—overhead 
hydrocoolers, Immersion-type hydro coolers and cool-air 
precooling units. Produce was subjected to the different 
types of precooling units for varying lengths of time. 
The temperature of the produce was taken before and 
after hydrocooling. 
Figures and Tables 
! . . * * L‘ C‘ ^ . • 
Data is presented with accompanying figures 
and pictures. Figures are designated by Arabic numerals. 
Tables appearing in PRESENTATION AND DISCUSSION OF DATA 
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Figure 4 
Picture Used for Comparison pnd 'valuation 
of the aount of Feathering of * s parous Heads 
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are designated by Roman numerals. 
PRESENTATION AND DISCUSSION OF DATA 
Package Icing and Precooling Experiments 
Experiments are reported in which vegetable 
packages were iced or precooled. Temperature and deterior 
ation history of produce from the grower to a wholesale 
market then on to a retail store is noted on these con¬ 
tainers. In some instances, the procedure of marketing 
is directly from the grower to the wholesale market omit¬ 
ting the retail market phase. 
Each experiment reported was repeated five 
times; however, due to lack of space, only one of the 
five experiments was chosen because it is representative 
and will be discussed in the PRESENTATION AND DISCUSSION 
OF DATA. 
Asparagus 
Crates of bunched asparagus were iced and/or 
hydrocooled in an immersion-type hydrocooler (Fig. 5 ) 
during the seasons of 1950 end 1951 in the packing sheds 
of various growers throughout the Connecticut Valley and 
» 
in the packing shed at the University of Massachusetts. 
The seme evening of icing and/or hydrocooling, the pack¬ 
ages were transported to the Boston *Tiolesale Market, 
t 
Immprsion-type Hydrocooler Used In 
Lxperirnentai Work v?lth Aepar^us 
FI pu re 6 
Overhead-type Hydro cool°r Used In 
Experimental 1 orK. t*/ith Lettuce 
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and arrived there at approximately 12:00 a.m. These 
experiments were conducted over a period of from twenty 
to twenty-two hours. 
K! ethods of Packing. Icing and Hydro cooling 
Asparagus was harvested between 6:00 and 
8:00 a.m. Spears were graded, trimmed, bunched, packed, 
iced e.nd/or hydrocooled. Two doten 1-lb. bunches of 
asparagus were packed in eac'i crate. 
In each experiment, three crates of asparagus 
were used experimentally, and one crete of asparagus was 
untreated and carried through the experiment es a control. 
history of Produce 
Asparagus was packed, iced and/or hydrocooled 
between 11:00 a.m. and 1:00 p.m. At 3:00 p.m., the 
asparagus was picked up by the trucker and moved to his 
pecking shed. Here the produce was transferred to a 
larger truck for the trip to Boston and arrived at the 
Boston Wholesale Market at aporo ximately 12:00 a.m. 
Asparagus - Experiment I 
Top icing three crates of asparagus with 
10 lbs. of No. 2 ice gave fairly satisfactory results 
with the temperature in all three experimental crates 
being maintained below the critical temperature of 55°F. 
through the marketing operation (Table A). 
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It will be noted in Table A-l that the 
green color of the asparagus spears was practically with¬ 
out variation indicating that the temperature was suf¬ 
ficiently low to prevent any change in the garden-fresh 
color of the spears. 
The amount of feathering of the asparagus 
heads remained unchanged from the time of harvest until 
they were sold on the wholesale market (Table A-2). 
Pressure tests which are recorded on Table 
A-3 showed only a slight increase in the toughness of the 
asparagus spear during the marketing operation. 
Asparagus - Experiment II 
In t-is experiment, the asparagus was bottom 
iced with 10 lbs. of Wo. 2 ice. The lowest temperature 
during the entire marketing operation with this method 
of icing was 60»F.—much too high a temperature to have 
any marked effect in slowing down the deterioration pro¬ 
cess going on in the asparagus (Table B). 
In both the experimental crates and the con¬ 
trol crate, there was a marked deterioration in the 
color of the asp are., us spears. Changes in color began 
shortly after harvest in experimental and control crates 
end progressively grew worse during the market operation 
(Table B-l). 
As in the preceding experiment, the amount of 
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feathering of the asparagus heads remained unchan ed 
from the time of harvest until they were sold on the 
wholesale market (Table B-2). 
As 7/ill be noted in Table B-3, the application 
of 10 lbs. of ice to the bottom of the asparagus crates 
had no noticeable effect in keeping the asparagus in a 
fresh, crisp condition. By the time the asparagus was 
sold on the wholesale market, they had become soft, 
limp and tough. 
Asparagus - Experiment III 
Packing asparagus in 4 ins. of No. 2 ice gave 
very satisfactory results. The temperature of the aspara¬ 
gus upon arrival at the market averaged 42°F. (Table G, 
the lov/est during the entire operation, and thirteen 
degrees below the critical temperature of 55°F. as recom¬ 
mended by Platenlus (34). 
Color of the asparagus was excellent upon 
reaching the wholesale market. The 4 Ins. of ice main¬ 
tained the fresh green color better than any previous 
method tested (Table C-l). 
The amount of feathering of the asparagus 
heads remained unchanged from the time of harvest until 
they were sold on the wholesale market (Table C-2). 
Pressure tests (Table C-3) showed asparagus 
packed in 4 ins. of No. 2 ice were in excellent condition 
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when sold on the wholesale market. The pressure test 
showed only very slight Increases In the amount of toughness 
of the asparagus from the time of harvest until they were 
sold on the wholesale market. On the other hand, there 
was a noted and steady Increase in the toughness of the 
asparagus in the control crate. 
Asparagus - experiment IV 
Asparagus packed in No. 2 ice so that the 
tips were Just shoring gave excellent results. The three 
iced crates of asparagus showed no evidence of any tyre 
of deterioration as the temperature was maintained well 
below the critical temperature of 55°F. during the entire 
marketing operation (Table D). 
This method of icing was found to be one of 
the most successful of any employed in the two seasons 
of experimental work from e viewpoint of preserving color. 
■Vhen the iced asparagus in this experiment arrived at the 
wholesale market, they had retained almost completely 
their fresh, green asparagus color. In comparison, the 
asparagus in the control crate had become a dark green 
and completely lost its garden-fresh color (Table D-l). 
As in the preceding experiments, the amount 
• $ 
of feathering of the asparagus heads was unaffected. No 
change in the amount of featherinf was discernible from 
the time of harvest until the asparagus was sold on the 
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wholesale market (Table D-2) . 
Pressure Teat 
There was no noticeable decline in the 
crispness of the spears of asparagus from the time of 
harvest until they were sold on the wholesale market. 
This will be very apparent by consulting Table D-3. 
Asparagus - Experiment V, 
Completely packing asparagus in No. 2 Ice 
gave excellent results with no visible type of deterior¬ 
ation present. As recommended by Platenius (34), the 
temperature of the asparagus was maintained veil below 
the critical temperature of 55°F. and for the most part 
during the marketing operation in the lower 40'e. 
Color 
Asparagus completely covered with No. 2 ice 
wfs found to be one of the best methods of icing as fi-r 
as the retention of color was concerned. The three ex¬ 
perimental boxes of asparagus were Just as rich in color 
at the wholesale market as they were at the time of 
harvest (Table E-l). 
Amount of Feathering 
Here a air, the amount of feathering of the 
aspara-us heads was unaffected. The amount of feathering 
of the asparagus heads was unchanged from the time of 
harvest until they were sold on toe wholesale market 
(Table E-2). 
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Pressure Test 
There rag a very slight increese in the 
toughness of the asparagus during the market operation 
with most of it occurring before icing. After icing, 
the pressure tests remained approximately the same with 
only slight chan es (Table E-3). On the "hole, the 
asparagus used in this experiment was sold on the whole¬ 
sale market in good garden-free , crisp condition. 
Asparagus - Kroeriment VI 
It rill be noted on Table F that freshening 
of asparagus in ice rater had no effect in lowering the 
temperature of the asparagus. During the freshening 
period, the temperature in the experimental crates rose 
steadily. Also, in Table F, it will be noted that the 
temperature in the three experimental crates upon arrival 
end at the wholesale market wee higher than the temper¬ 
ature in the control crate. 
Upon making observation of the asparagus at 
the wholesale market, it wrs found that the asparagus in 
the crates that had b^en freshened in ice water were in 
approximately the same condition as those in the control 
crate. In the three experimental crates as well as in 
» 
the control crate, the asparagus had become limp and 
fibrous, and there v;as also very serious deterioration 
in the color of the asparagus spears. 
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Color 
Freshening of asparagus in ice water hsd no 
gre . t effect on preserving the fresh green color of the 
asparagus spears. There < as a steady decline in color 
all during; the marketing operation. The deterioration 
was particularly rapid curing the last four hours of the 
marketing process (Table F-l). 
Amount of Feathering 
The amount of feathering remained unaffected 
by freshening in ice water. The amount of feathering of 
the asparagus heads remained unchanged from the time of 
harvest until they were sold on the "holesale market 
(Table F-2). 
Pressure Test 
The pressure tests showed a very ete dy in¬ 
crease in the touf hness of the asparagus as the marketing 
operation progressed, and by the time the asparagus was 
sold on the wholesale market, the spears had become limp 
and fibrous (Table F-3). 
Asparagus - Fxoerlment VII 
It will be noted on Table G that the immersion 
of the asparagus in a hydrocooler for fifteen minutes hsd 
an immediate effect in lowering the temperature; however, 
the effect was not a lasting one. 
Hydrocooling of asparagus caused an immediate 
78 
lovering of the temperature from 81°F. to 47°F. From 
the time the asparagus was removed from the hydrocooler 
and the above temperatures recorded, there was a steady 
Increase in the temperature until they arrived at the 
wholesale market thirteen hours from the time of hydro¬ 
cooling. By that time, the temperature in the three ex¬ 
perimental crates had reached that of the temperature in 
the control crate. 
Color 
Immersion hydrocooling had very little last¬ 
ing effects on the color retention of the asparagus 
spears. Immediately after hydrocooling, the color had 
improved but be^ an to deteriorate within an hour (Table 
Gr-1 ) • 
Amount of Feathering 
As in all the preceding experiments, the amount 
of feathering of the asparagus heads was unaffected. The 
amount of feathering of the asparagus heads was unchanged 
from the time of harvest until they were sold on the whole¬ 
sale market (Table G-2), 
Pressure Test 
There was a noticeable and steady increase in 
the pressure required to cut through a spear from the t'ime 
of harvest until the asparagus was sold on the wholesale 
market (Table G--3). 
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Hydrocooling seamed to heve little or no 
effect on preventing the asparagus spears from becoming 
tough and stringy. 
Asparagus - Experiment VIII 
It will be noted on Table H that the combina¬ 
tion of hydrocooling and icing very effectively maintained 
a lo,r temperature during the marketing operation. This 
rps in direct contrast to the preceding experiment ’•here 
only hydro cooling was used. 
All the ice had completely melted by the time 
the produce had reached the wholesale market, yet the 
asparagus wee still cool. The asparagus in the three ex¬ 
perimental crates Fas in excellent condition showing no 
evidence of any tyoe of deterioration. In the control 
crate, however, the asparagus had become limp and fibrous, 
and there was a fading in the reen color of the asparagus 
spears. 
Color 
Hydrocooling and icing proved to be one of 
the most effective methods employed in two seasons of ,,rork 
for preserving the green fresh asparagus color. 
When the asparagus was sold on the wholesale 
market, the color was the same as it was at the time of. 
harvest (Table H). 
Amount of Feathering 
The amount of feathering of the asparagus 
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heads was unaffected by this method as by the preceding 
methods. The amount of feathering of the aspar&t us heads 
was unchanged from the time of harvest until they were 
sold on the wholesale market (Table H-2). 
Pressure Test 
Combinations of hydrocoolin; and icing proved 
very effective in preventing the asparague spears from 
becoming tough. As a matter of fact, when the asparagus 
spears were sold on the wholesale market, they were in as 
good a condition as when harvested (Table H-3). 
. 
Lettuce 
Lettuce was iced and/or hydrocooled during 
the seaGons of 1950 rnd 1951 in the packing shed at 
William Richards' farm in Forestdele, Massachusetts. The 
same evening of icing and hydrocooling, the lettuce was 
■ 
transported by truck to the First National Warehouse in 
Somerville, Massachusetts. These experiments were con¬ 
ducted over a period of from twenty-two to twenty-four 
hours. I * 
k ethods of Packing. Icing; and Bydrocooling 
Let luce was harvested between 10:00 and 11:00 
* 
a.m. Heads were graded, trimmed and packed into boxes 
right in the field; eighteen heads packed in each box in 
two layers, nine to each layer. Four boxes of lettuce 
i 
87 
vere used in each experiment—three for experimental 
purposes and one as a control. 
History of Produce 
Lettuce was iced and/or hydrocooled between 
11:00 a.m. and 12 noon. At approximately 7:00 p.m. the 
same evening, the lettuce was transported to the ’ware¬ 
house arriving in Somerville at epproximetely 9:00 p.m. 
The following morning, they were distributed to the re- 
ta.il stores. 
Lettuce - Experiment 
On the whole, too icing the lettuce with 20 
v f 
lbs. of No. 1 ice produced satisfactory results with the 
L I 4 ? 1 / i ^ , 
temperature of the lettuce after icing being maintained 
in the upper 40* s and lo,r'er 50* s (Table I). 
Although the temperature In the experimental 
boxes wes held within a protective ran^e after icing, the 
butts still showed browning. These results indicate the 
necessity of some type of paper liner to protect the pro¬ 
duce from the air. 
Lettuce - Experiment II 
In this experiment, the lettuce was iced in 
the center of the pack: with 20 lbs. of No. 1 ice. The 
, 
results of this method of icing were satisfactory with 
the temperature (Table J) in all three of the experimental 
boxes, as recommended by Plstenius (34), being held below 
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the critical temperature of ob ° F. until they arrived at 
the retail store. 
By the tine the lettuce had reached the re¬ 
tail store, the upper layers of lettuce shoved severe 
browning of the butts, and the lower outer leaves of the 
heads had become bruised while the bottom layers of let¬ 
tuce vere in excellent condition shoeing- no browning or 
bruising. 
In the control box, the high temperatures 
throughout the marketing operation had caused browning 
of the lettuce butts and outer leaves in all heads, and 
the lettuce in the control box was quite wilted. 
Lettuce - Experiment III 
Bottom icing the lettuce with 20 lbs. of No. 
2 ice proved unsatisfactory. Using this method of icing, 
it was found impossible to maintain a lor temperature 
during the market operation. The lowest temperature ac¬ 
complished during the entire operation after icing was 
?3®F. (Table K)—much too high a temperature to prevent or 
even retard the deterioration process going on in the 
lettuce. 
Upon the arrival of t e lettuce at the retail 
store, the butte of the lettuce in both layers in all three 
boxes were very badly browned, and the outer leaves of all 
heads had become browned and bruised. 
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The lettuce in the bottom layers of all three 
experimental boxes rere badly pitted due to the pressure 
of the upper layers of lettuce forcing the lover layer 
upon the crushed ice. 
In the control box, the exceptionally high 
temperatures throughout the marketing operation caused 
i 
severe browning of the butts and outer leaves on all heads. 
Also, the heads of the lettuce were wilted. 
Lettuce - Experiment IV 
Top and center icing of the lettuce boxes with 
10 lbs. of Mo. 1 ice proved very satisfactory vlth the 
temperature beinr maintained throughout the marketing 
operation veil below the critical temperature of bb°F., as 
recommended by Platenius (34). 
^'hen the lettuce arrived at the retail store, 
the butte of the top layers of lettuce were slightly 
browned. In the control box, the high temperatures had 
caused browning of the butts and outer leaves in all heads, 
and the lettuce in the control box was quite wilted. 
It will be noted in Table L that the temper¬ 
ature in the Iced boxes of lettuce was kept veil within 
the protective temperature range recommended by Flatenius 
(34). This would indicate that it was the oxidation 
effect caused by exposure of the lettuce to the air that 
res responsible for the browning of the butts and not the 
hIph t empere ture. 
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Lettuce - Experiment V 
It will be noted on Table M that icing the 
lettuce with 10 lbs. of Mo* 1 ice on the too end bottom 
of the boxes produced satisfactory results as far as main¬ 
taining a lov temperature was concerned. 
Upon the arrival of the lettuce st the retail 
store, the ice in all three of the experimental box had 
completely melted, and the temperature had begun to rise 
(Table M), Only the butts end lower outer basel leaves 
in the upper layers were slightly browned. 
The lettuce in the bottom layers of the ex¬ 
perimental boxes was badly pitted due to the pressure of 
the upper layers forcing the lover layers upon the crushed 
ice. This observation is substantiated by the findings of 
Lewis (20). This worker maintains that small sizes of 
ice should be used in vegetable packages. He adds that 
large chunks of ice and even smeller sizes might cut or 
bruise commodities when any pressure is applied. In the 
control box, all heads showed browning of the butts and 
lower outer leaves, and all heads had wilted. 
Lettuce - Experiment VI 
Center and bottom icing of the boxes of let¬ 
tuce with 10 lbs. of No. 1 ice proved fairly satisfactory. 
The temperature in the experimental boxes was maintained 
below the critical temperature of 55°F, after icing for 
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the remainder of the marketing operation (Table N). 
At the retail store, it was noted that there 
rae severe browning of the butts and lover outer leaves 
of the lettuce in the top layers. There was no evidence 
of browning in the bottom layers of lettuce in any of 
the experimental boxes. This browning of the lettuce in 
the top layers of all the experimental boxes was caused 
by not using a paper liner in combination with too icing. 
The upper layers of lettuce rere exposed to the Air thus 
accelerating browning. 
In the three experimental boxes, there ms 
also pitting of the lettuce leaves in the bottom layers. 
This was due to th° ice in the bottom of the boxes and 
the pressure of the top layers of lettuce forcing the 
bottom Isyers against the ice in the bottom of the box. 
In the control box, the butts and outer leaves 
of all heeds were severely browned, and all the lettuce 
had become wilted. 
Lettuce - Experiment VII 
It will be noted on Table 0 that too icing 
with 20 lbs. of No. 1 ice and enclosing the entire reck 
In s single rarer liner gr.ve excellent results, both from 
the standpoint of maintaining a low temperature and pre¬ 
venting deterioration during the marketing operation . 
Upon the arrival of the lettuce at the retail 
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store, sll three of the experimental boxes showed abso¬ 
lutely no signs of browning or any other form of deter¬ 
ioration. In the control box, on the other hand, the 
butts and lower cuter leaves of tne lettuce showed very 
definite browning with some of the outer leaves of the 
lettuce heads in the control box shoeing wilting. 
Lettuce - kxperiroent VIII 
Center icing the lettuce pack with 20 lbs. 
of No. 1 ice and enclosing the entire pack in a single 
paper liner gave excellent results both from the stand¬ 
point of maintaining a lor temperature and preventing 
deterioration. 
The temperature after icing was held in the 
lower 40*8 (Table P) for the remainder of the marketing 
operation. The low temperature and the single paper 
liner used to cut down air circulation resulted in the 
lettuce arriving at the r tail store in perfect condition; 
however, in the control box, there was considerable brown¬ 
ing of the lower outer leaves and the butts of all the 
heads of lettuce. There was also wilting of the outer 
leaves in nil heads of lettuce. 
Lettuce - Experiment. IX 
Using a single paper liner and bottom loing> 
the lettuce boxes with 20 lbs. of No. 1 ice gave Just 
passing results from a standpoint oi temperature (T&ole Q)• 
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This method of ioing did maintain the temper¬ 
ature below that of the critical temperature of 55°F. as 
recommended by Platenius (34), but only by two degrees. 
The fact that the temperature was still not low enough to 
prevent deterioration of the lettuce will be evidenced 
from the description of the produce when it reached the 
retail store. 
When the lettuce arrived at the retail store, 
the ice had complete] y melted in all three of the experi¬ 
mental boxes, and the butts in the upper layers of e*ch 
box showed moderate amounts of browning. On the other 
hand, in the control box, the butts and lower outer leaves 
of the lettuce heads were severely browned and oitteh. 
The Ic.'er layers of lettuce in all three iced boxes were 
b'-dly pitted and bruised due to the pressure exerted by 
the lettuce in the upper layers forcing the heads in the 
lower layers down upon the sharp, pointed ice. 
It ie noteworthy that the temperature of the 
control crate fluctuated during the marketing operation 
and for the most part was above the atmospheric temperature. 
This indicates that lettuce does evolve appreciable quan¬ 
tities of heat. This observation ie substantiated, by the 
findings of Rose et. al. (38). These workers noted that 
lettuce evolved 45,980 8, t. u. per ton in twenty-four 
hours when stored at a temperature of 60eF. 
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Lettuce - Experiment X 
It will be noted on Table R that th* method 
employed In this experiment of top and center Icing the 
lettuce boxes with 10 lbs. of No. 1 Ice end then enclos¬ 
ing the entire pack m a single paper liner produced the 
most satisfactory results of any method using ice and a 
paper liner. 
The temperature of the experimentel boxes was 
maintained in the upper 30* s and lower 40’s after icing 
during the marketing operation (Table R). 
By the time the lettuce reached the retail 
store, the ice had completely melted in the experimental 
boxes but the lettuce was in perfect condition with no 
evidence of any deterioration. In the control, butts and 
lower outer leaves of all heads showed very severe brown¬ 
ing, and there was also wilting of the outer leaves on 
some of the heads. 
Lettuce - Experiment XI 
The application of 10 lbs. of No. 1 ice to 
the too and bottom of the lettuce pack and its enclosure 
in a single paper liner gave satisfactory results from a 
standpoint of maintaining a low temperature during the 
marketing operation. The highest tempersture recorded* 
in the experimental boxes after icing was 4B°F. (Table S) 
seven degrees below the critical temperature of 55°F. as 
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recommended by Pletenius (34). 
when the lettuce reached the retail store 
the following morning, they were in excellent condition 
with the exception of smell pit marks on the bottom layers 
of lettuce. This pitting was caused by the pressure of 
the upper layers of lettuce forcing the bottom layers down 
upon the Jagf-ed ’ieces of ice in the bottom of the box. 
In the control ox, by contrast, the lettuce was severely 
browned on the butts and lover outer leaves. 
Lettuce - Experiment XII 
It will be noted on Table T that the applicatio 
of 10 lbs. of ho. 1 ice to the center and bottom of the 
lettuce boxes and its enclosure in a single paper liner 
produced satisfactory results both from e standpoint of 
maintaining a low temperature end preventing det rioratlon. 
When the lettuce arrived at the retail store, 
all iced boxes of lettuce were In excellent condition rith 
no evidence of any tyre of deterioration present with the 
exception of the lettuce in the bottom layers of all three 
experimental boxes. These were badly pitted due to the 
pressure of the upper layers of lettuce forcing the lower 
layers unon the crushed ice. 
In the control box, the butts and lower outer 
leaves had become severely browned and bruised. In all 
the experiments using ice in reasonable amounts and. a 
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single upper liner, the lettuce arrived at the retail 
store in excellent condition. This indicates that the 
use of ice and r paper liner to cut down air circulation 
is one of the best methods of assuring a ( ood rack when 
the lettuce reaches the retail store. 
Lettuce - Experiment XIII 
On Table U, it will be noted that hydrocool¬ 
ing lettuce for five minutes in an overhead-type of 
hydrocooler (Figure 6) had no lasting effect as far as 
maintaining a low temperature during the marketing opera¬ 
tion was concerned. 
At only one point in this experiment was the 
temperature low enough to inhibit deterioration. That 
was immediately after hydrocooling. Deterioration is 
inhibited according to Plstenius (34) when the temper¬ 
ature is 55°F. or lower. 
^Vhen all four boxes arrived at the retail 
store, there were varying degrees of browning of the butts 
and lover outer leaves of all heads. The deterioration 
in the control box was more pronounced. The lettuce in 
the control box had also become wilted, and some of the 
heads in the top layer were slimy. 
Lettuce - Experiment XIV 
Hydrocooling lettuce for ten minutes in an 
overhead-type hydrocooler, the temperature of the water 
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In the hydrocooler being 40°F., gave slightly better 
results than In the preceding experiment when the let- 
tuce v; as hydro cooled for only five minutes; however, 
there was only one point during the marketing ooeration 
at which the temperature of the experimental boxes were 
lo1 enough to inhibit deterioration. This was immediate¬ 
ly after hydrocooling. From this Doint on, there was 
a steady increase in the temperature (Table V). 
By the time the lettuce had arrived at the 
retail store, the temperature in the three hydrooooled 
boxes had risen, and there was severe browning in the 
butts and lower outer leaves of all heads of lettuce. 
The lettuce in the control box by this time showed 
browning on the butts and lower outer leaves. A number 
of heads in the control box had also become wilted and 
slimy. 
As in the preceding experiments, the results 
indicate that while hydrocooling is very efficient in 
removing field heat and lowering the temperature to some 
degree, ice or some other refrigerant is necessary to 
maintain a low temperature throughout the marketing 
ooeration. 
* 
Lettuce - Experiment XV 
It will be noted on Table W that hydrocooling 
the lettuce for fifteen minutes in an overhead-type 
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hydrocooler (Fig. 6), the temperature of the rater In 
he hydrocooler being 39eF., had approximately the same 
effect in lowering the temperature as did the two pre¬ 
ceding experiments rhere hydrocool ing v/as the only means 
of refrigeration used. The temperature dro^ caused by 
hydrocooling in this experiment was sufficient to bring 
the lettuce well vithin the protective temperature range 
of 55°F. as recommended by Platenius (34). But immediately 
after hydro cool ing;, the temperature began to increase 
steadily and by the time the lettuce arrived at the re¬ 
tail store, the temperature in the three experimental 
boxes averaged 58°F., just slightly above the minimum 
protective temperature. 
All four boxes of lettuce showed varying 
degrees of browning. The three experimental boxes had 
browned on the butts and just the faintest bit of brown¬ 
ing showed on the lower outer leaves. In the control 
box, there was pronounced browning of the butts and outer 
leaves, and the lettuce in the top layer had begun to 
wilt and get slimy. 
Lettuce - Experiment XVI 
Hydrocooling lettuce for as long as twenty 
minutes in an overhead-type hydrocooler (Fig. 6), the 
\ 'y ' ' 
temperature of the water in the hydrocooler being 40*F., 
was not a great deal more effective than hydrocooling 
them for five minutes. This will be evident by comparing; 
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Tables U and X. The refrigerating effect of hydrocooling 
alone is a temporary one, and almost immediately after 
hydrocooling, the temperature began to rise. 
By the time they had arrived at the retail 
store, all four boxes of lettuce showed deterioration in 
varying degrees. In the three boxes that had been hydro- 
cooled., there was brov'ning on the butts and lover outer 
leaves of the lettuce heads. On the other hand, the let¬ 
tuce in the control box was severely browned on the butts 
and lover outer leaves. In the top layers of lettuce, 
the heads had become lilted and were beginning to become 
slimy. 
In the preceding four experiments using only 
hydrocooling as a means of controlling the temperature of 
the produce as it moved through the marketing cnannels 
indicated very definitely that some other refrigerant 
should also have been used in conjunction with hydrocool¬ 
ing. The results of the preceding four experiments would 
also seem to Indicate that hydrocooling is very efficient 
for the removal of field heat from produce but the effect 
of hydrocooling is only temporary, and some other refrig- 
erant is needed to further lower the temperature and 
maintain it at a lor level during the market operation .* 
Lettuce - Experiment XVII 
It will be noted on Table Y that hydrocooling 
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the lettuce In sn overhead-type hydrocooler (Pip. 6) for 
five minutes, the temperature of the water being 39°F., and 
then top Icing vlth 20 lbe. of No. 1 Ice end enclosing the 
entire pack in a single paper liner gave satisfactory re¬ 
sults In maintaining a low temperature and preventing 
deterioration. 
Using this method of hydrooooling -nd icing, 
the temperature in the experimental ioxes was held in the 
upper 40* s and lower 50's durlni the remainder of the 
marketing operation. In all three of the experimental 
boxes, the ice had completely melted by the time it reached 
the retail store, but there was no evidence of any type of 
visible deterioration. The control box, on the other hand, 
shoved very severe browning of the butte and lower outer 
leaves, and the lettuce in the entire box had become wilted, 
end some of the heads had even become slimy. 
Lettuce - Experiment XVIII 
Hydrocooling lettuce for ten minutes in an 
overhead-type hydrocooler (Fig. 6), the temperature of 
the water in the hydrocooler being 3B°F., and then top 
icing the lettuce with 20 lbs. of No. 1 Ice and enclos¬ 
ing the entire pack in a single paver liner gave excellent 
results. 
Using this combination of hydrocooling and 
icing, the temperature in the experimental boxes wag 
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maintained in the lotf er and upper 40* s (Table Z) during 
the remainder of the marketing operation, well below the 
critical temperature of 55®F. recommended by Platenius 
(34). 
Ice in the three experimental boxes had com¬ 
pletely melted by the time the lettuce had reached the 
retail store but there wae no visible evidence of any 
type of deterioration in any of the three boxes. In the 
control box, however, there was verj severe browning of 
the butts and lo'? er outer leaves, and the heads in the 
entire box had become rilted and slimy. 
Lettuce - Experiment XIX 
It will be noted on Table AA that hydrocool¬ 
ing the lettuce for fifteen minutes in an overhead-type 
hydrocooler (Fig. 6), the temperature of the water in 
the hydrocooler being 39°F., and then too icing of the 
lettuce with 20 lbs. of Mo. 1 ice and enclosing the entire 
pack with a single paper liner gave excellent results. 
The results were good both from a standpoint 
of maintaining a lower temperature end the preventing of 
deterioration. After hydrocooling and icing, the tempera¬ 
ture in the experimental boxes were held in the lower and 
upper 40*s during the remainder of the marketing operation. 
By the time the lettuce had reached the retail 
store, the ice in the three experimental boxes had completely 
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melted, but there was no visible evidence of any type 
of deterioration in any of the three boxes. In the 
control box, there s very severe browning of the butts 
and lower outer leaves. The heeds in the entire box had 
become slimy and lilted. 
Lettuce - Experiment XX 
Hydrocooling the lettuce for twenty minutes 
in an overhead-type hydrocooler (Fig. 6), the temperature 
of the water in the hydro cooler being 40 °F., top icing 
the lettuce with 20 lbs. of Wo. 1 ice and enclosing the 
entire ck in e single paper liner gave excellent re¬ 
sults. Using this method of hydrocooling and icing, the 
temperature in tiie experimental boxes was maintained in 
the lower 40's during the remainder of the marketing oper¬ 
ation. These temperstures were veil belovr the critical 
temperature of 5b °F. as recommended by Pletenius (.34). 
The ice in all three boxes had completely 
melted by the time the lettuce had arrived at the retail 
store, but there was no visible signs of deterioration 
present in the three experiments! boxes. The control tx?x, 
on the other hand, showed severe browning of the butts 
and lower outer leaves, and the entire box of lettuce had 
become wilted. Some of the heads had even become slimy.* 
In the four preceding experiments where hydro- 
cooling, icing and paper Liners were used, the lettuce 
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arrived at the retail store In excellent condition. 
These results would seem to Indicate that hydrocooling 
to remove field heat, ice to control vital heat, end a 
paper liner to cut down air circulation is one of the 
best methods of assuring a f ood p,< ck of lettuce unon 
reaching the retail store. 
Lettuce - Experiment XXI 
In this experiment, the lettuce was cold-air 
precooled in a cold storage room for forty-six hours or 
until the lettuce had reached an average temperature of 
35°P. (Table GG). Upon removal, the three experimental 
boxes were ton iced with 10 lbs. of Mo. 1 ice ami shipped 
through the normal marketing channels. 
This method of precooling and icing proved 
eatiaf ctory both from a standpoint of maintaining a low 
temperature <: nd preventing deterioration. The only dis- 
advanta e of the above method was the length of time it 
took by this means of preceding* to lower the temperature 
veil within the protective range. 
When the lettuce arrived at the retail store, 
the ice in all three experimental boxes had melted by 
tMs time, and the heads in the top layers of each box 
showed slight signs of browning on the butts. In compar¬ 
ison, the lettuce in the control box had become brown on 
the butts and lover outer leaves, and all heads were 
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wilted and slimy. 
The results of the experiment ere substan¬ 
tiated by the observations of Platenius (35) who noted 
that holding lettuce at s temperature of 35°P. from a 
few days to several weeks had no noticeable effect on 
the subsequent rate of breakdown when these vegetables 
were later transferred to higher temperatures. 
Lettuce - Experiment XXII 
Here a: ain as in the preceding experiment, 
the lettuce was precooled by means of a cold storage room 
for forty-six hours or until the temperature in all three 
of the experimental boxes had been lowered to 35 °F. Upon 
the removal of the lettuce from the cold storag e room, 
they were top iced with 10 lbs. of No. 1 ice, and the 
entire p,ck was enclosed in a single pacer liner then 
shipped throuj- h the normal marketing channels. 
This met.iod of pre coo ling and icing also 
proved to be an excellent method to maintain a lev temoer- 
ature and to prevent deterioration. By the time the let¬ 
tuce h&ci readied the retail store, there rere only a few 
scattered pieces of ice left in the three experimental 
boxes but the lettuce was in excellent condition showing 
no visible deterioration. In the control box, it was a* 
completely different story. The butts and lower outer 
leaves of ell heads were severely browned, end the heads 
c C4 
£ 
< 
a> 
ft 
» 
<a 
ft 
4) 
Of 
127 
(h 
<? 
<? 
*• 
<o 
4* 
SB 
Si 
3 
«c fa 
ft fl? © c: 
m • 
♦4 
CL 
o ft 
S-» 05 
•d 
« &« ► O © 
R rH 
05 t 
tc c 
l tn 
ft 
|£ ° 
ao « ad 
A 
E pH 
< f •* 
• 
' c. & R 
: * 
«#4 
£5 
H* 
C 
» 
W £2 ** B 
Si 
o 
o * 
** 6 
rH * 
.-. t 
8 • 
*' fZ CU • 
rH £% 
O ft o • O 6 
H {- 04 ft. 
o q in 04 o 
ou x> CO LO 
ft • • • ft 
•X* t** Du Eft* u. 
* • 6 « • Aft wm Q a 01 •0 
£ CO CO S'* 0- 
• • • • ft 
fib f«* Eft. E<. fit 
* c 4 c 0 
90 3> w 
m f: n £ Cs £> 
• ft « • • 
Ew Eu Du fib 
4 * • • 
*C Oil <0 gj O 
‘C wN C^- i- 3) 
tk. 
** 
»o 
Su 
u. 0 
n 
u. 
§ p 
Q • Q K 
•* • •• • 
ro a nj< o* 
8 8 
tu 
0 
&. 
« 
CO 
<d t 
ft C • • • • • • • • 
rH ft 4' u Cu Du Du Du fib fib Ub 
o o ttl ft? a « • • • 0 0 0 
6 M ft '£ 03 O O CO CD 
ft o 'Q > C- CD a) £ (S 
ft rH 
ft 
0, ♦ 
o 
ft % ft • • • • • • • • 
3%* So 
Du 
4 
Du 
0 
Du 
• 
5u 
• 
Du 
• 
8u 
0 
Cu 
• 
Du 
0 
o ft to cd CO o» O £■- 
•o 
rH * 
D to o O 1> CO 0- 
52 
. *“* 1 ft • • * • • • • • 
O 4> f ••4 E*» 2u Su Du Du fib Du 
ft rH © «< 0 • 0 0 0 0 a 0 
ft 
6 
:D <0 Oi O O «& 00 
4» >H 
V C- s> £V CD CO 
f . 
IS 
ft * 
*4 
4J 
ft • • ■ • • • • 
ft 8 ft * 0 S3 ft S3 ft ft 90 
e o k» ft ft § ft £4 ft ft ft 
M 
<h ft ft 
r* fr« 4 
e"* >»«* JH A £3 JC, A 
6 an o H Oi SO to C0 c* 
43 43 &c 1 «o , 
ft *2 ft a> ft ft ft ft ft 
ft 4* ft 
^2 
-H i» ft (L ft ft ft 
E 1 © ft ■p ft rH >4 iS rH rH r-i rH 
«r«i H cs 2J ft 3 ft ft ©rH C O G C 
ft 
ft ft 
e © 
ft 
► ft 
ft «H 
*r+ *u 
ft *H 
Sa Du 
ft 43 
Eft ft 
ft a* 5 
0 0 5 tS 
O 
O 
I *ft ft E - <H ft ft ft ft ft ft rl ft. C£ ft ft ft ft C ft 
E*2 a. ;4 UD-* iH 4*f Pi rH 4H Me SHh rH M 4H 
Eh 
U* 
P 
/• 
In
 
C
o
o
le
r 
8 
h
rs
. 
78
*F
. 
78
*F
. 
77
*F
 
128 
# 
& 
to 
CO 
«• 
f- 
K3 
9> 
V 
M 
o. 
o 
8-« 
e> ► 
o 
e e 
• M 
0C 
• fi 
5 8 
< K 
r' e- 
H 
•» <1 A 
c: t. 
c o 
H I 
O 4-« 
8° 
4? 
to 
P, JO 
to 
H C 
< H 
*0 J2 
H 4s 
St 
I 
a 
© 
3 
4» 
4» 
«? 
e 
i: <to 
«-* o 
t- 
c? 
*-> 
t- o 
to 
•ft 
• 
4-> 
f; « 
to 
c 
*> 
E* 
a 
© e 
e o 
l? fi 
4» 
i3 
<P ► 
to 
<fl 
w 
18 • 8 
'** Z •• r-- 
'•*1 v 
to. 
e* 
a 
© 
*o 
fO 
to. 
o 
8 
to 
c 
to 
o 
m 
to. 
9 
0) 
t 
X 
CO CU 
z 
H • 
H "* 
to 
8 
~ 2 § 5 Si 8 E 
^4 • •» • •• • ♦• « 
h r. h fs, oi p* jo 
<D 
o m ** 
o • 
to 
*o 
to 
to 
© 
* P. 3 
.V*1 Wb 
3 
• 
- K 
O • 
«h a 
to 
« 
s 
to to 
© 
ft 
to 
« 
fO 
*0 
8 . 
w*. 
h a 
CD 
CO 
O • G 
O E3 4> O 
•• • a •* 
C5 PgCD 
I 
CO 
CO 
to 
3 8 
to 0 to 
& 
<0 
co 
to 
• 
to 
to 
to 
• 
w 
c* 
• 
to 
• 
to 
• 
to 
• 
to 
ft 
to 
• 
to 
• 
to 
• 
to 
• • 
to to 
• • 9 * 0 • 0 0 • 0 
o- > to to iO to in to 00 
m in in *n in if) »0 »o C* 0* 
• « # • • • • • • • 
to to to to to to to to to to 
• • • o 0 • 0 0 C • CO (N to m m to in H 04 in in m m m m »0 to ^ * 
• • • • • • • • • • 
to to to to to to to to to to 
• 0 • • 0 o 0 0 0 0 
to to to in in to in in O 04 
m in in in in m to to + •# 
• « • • • • « • • # 
to to to to to to to to to to 
• • • • « C • • 0 0 
c- o* to to in m in tn O CM 
m in in in in to to to M* 
• • • • ft • • • # • 
«Q UP (0 m « W 03 03 m 
to U to to to U to . b JU 
x X jo X JR .C X X jq jC 
c* CM s 85 8 H to 8 8 r-l m 8 g 
S-, *» f5 c c to to to to to to to to to © 4> 0? v e> fit W u O a & 0> a> 0) UJ (3 p c s r*i HI rH r-4 r-4 H rto r-t HI 3 
•4 o O O O O O O o O O H U) 
a 
f , c-' m © i? 5 S s s Q O S •3 3 o a H 4> to 
y B <r a. rf « c C R c c ss a C jig fi 4» O CO *5 (H M ri- 5pi M i-i M M H w HI ^ tn 
t 
129 
had become wilted and slimy. 
Using a cold room as e means of precooling, 
the preceding t~o experiments have given very satisfactory 
results from the standpoint of insuring an excellent pack 
of lettuce upon arrival rt the retell store. But, it 
should he pointed out that the big disadvanta* e in this 
method or precooling is the length of time it took to 
lower the temperature of tne lettuce to a protective 
temperature. By consulting fables CO and DD, this time 
element v?lll be very evident. 
Cel pry 
Celery was iced and/or hydrocooled during the 
seasons of 1950 end 1951 in the packing shed at tne De 
Vincent Brothers’ farm in '■'altham, > aseachusetts. The 
same evening of icing and/or hydrocooling, the lettuce 
was transported by truck to the First National 'arehouse 
in Somerville, ,v.r eachusetts. These experiments were 
cono.ucteo over a period of from eleven to twelve hours. 
Metapes of Pecking « 1clng ana Hydro cooling 
Celery was harvested between 8:00 a.in. and 
9:00 a.m. Upon reaching the paokin shed, it was sorted, 
trimmed, washed, bunched and packed into half-bushel 
boxes "ith twelve bunches to eacn box arranged in three 
layers with four bunches in each layer (Figs. ?, 8, 9, 10, 
11, and 12). 
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Figure 10 
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Four boxes of celery were used in each experiment—three 
for experimental purposes end one as a control. 
Kistcry of Produce 
Celery vas iced and/or hydrocooled between 
12:00 p.m. and 1:00 p.m. At approximately 7:00 o.m. the 
same evening, the lettuce vas transported by truck to the 
warehouse arriving in Somerville at approximately 8:00 p.m. 
Celery - Experiment 1^ 
Too icinp celery with 10 lbs. of Mo. b ice 
gave fairly satisfactory results. By the time the celery 
had reached the warehouse in Somerville, .Massachusetts, 
the temperature in all three experimental boxes had dropped 
below the critical temperature of 55°F. as recommended by 
PlateniUb (34). 
At the varehouse, the ice in the three experi¬ 
mental boxes had completely melted, a no the leaves on the 
bunches of celery were just starting to vilt. In compari¬ 
son, the celery leaves in the control box were completely 
wilted, end the stalks themselves had lost their fresh 
crispness and were limp and stringy. 
Celery - Experiment II 
It will be noted on Table FF that center icing 
the celery boxes with 10 lbs. of No. b ice proved very * 
satisfactory from a standpoint of maintaining a lov temp¬ 
erature and preventing dot rloratiori. 
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V/hen the celery arrived rt the warehouse /?t 
8i00 p.m., eleven hours from the time of harvest and 
eight hours from the time of icing, the temperature in 
the three experimental boxes averaged 46°F. The temrera- 
ture in the control box was 84°F., end the atmospheric 
temperature had dropped to 74°F. (Table FF). By this 
time, approximntely two-thirds of the ice in th« three 
experimental boxes had melted, but the celery in these 
boxes was in excellent condition with no visible deter¬ 
ioration present. In the control box, on the other hand, 
all the celery leaves h^d become wilted, and the celery 
stalks had. lost their fresh crispness end were becoming 
limp. 
It is noteworthy that the temperature In the 
control box remained remarkably uniform, and for the 
most part below the atmospheric temperature. This indi¬ 
cates that celery does not evolve as an appreciable 
quantity of heat as does the two preceding crops of 
asparagus and lettuce. This observation is substantiated 
by the findings of Hose, et. al (38). These workers 
noted that celery evolved only 13,520 B. t. u. per ton 
in twenty-four hours when stored at a temperature of 
60°F. as compared with asparagus and lettuce which evolve 
78,460 and 45,980 B. t. u.1s when stored under the same 
conditions. 
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Celery - Experiment III 
Bottom Icing the three experimental boxes of 
celery with 10 lbs. of No. b ice in this experiment proved 
unsatisfactory from the standpoint of maintaining a low 
temperature and preventing deterioration (Table (HI). It 
was found to be impossible to maintain a lov te iperature 
* 
usint this method of icing. The lowest temperature obtain¬ 
able during the entire experiment was 67*F., two degrees 
above the critical temperature of 5b*F. as recommended by 
Platenius (34). The celery in the three iced boxes u-»on 
arrival at the warehouse shored wilting of the leaves in 
the upper layers of all three boxes. There was also pit¬ 
ting of the celery stalks in all three boxes in the bottom 
layer. This pitting ^as caused by the sharp rieces of ice 
in the bottom of the box with the pressure of the upper 
layers of celery forcing the bottom layers against the ice. 
In the control box, the celery leaves had. all 
become wilted, and the stains themselves had be^un to lose 
their freer crispness anc were becoming limp and stringy. 
Celery - rxor. rlment IV 
Top and center icing the celery boxes with b 
lbs. of No. b ice produced excellent results both from a 
standpoint of maintaining a lov. temperature and the pre-, 
vention of deterioration. Immediately after icing, the 
temper ature in the three experimental boxes began to or op 
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and by the time the celery reached, the warehouse, the 
temperature In the three experimental boxes averaged 
47® F. (Table HH). 
Upon the arrival of the celery at the vare- 
house, the ice was approximately half melted, hut there 
was no evidence of any deterioration in the three iced 
boxes. In the control box, however, the celery leaves 
had become severely wilted in all three of the layers. 
Celery - Experiment £ 
The application of o lbe. of No. 5 ice to the 
top, center and bottom gave excellent results both from 
a standpoint of maintaining a low temperature and prevent¬ 
ing deterioration. 
The temperature dropped rapidly 1 fter icing, 
and by the time the celery had reached the warehouse, the 
temperature in the three experimental boxes averaged 47®F. 
(Table II). 
At the warehouse, the ice in the three ex¬ 
periments! boxes had completely melted, but there «;&£, no 
evidence of any deterioration in the iced boxes. In the 
control box, on the other hand, the celery leaves were 
wilted, and tne stalls had lost their fresh crispness and 
were becoming limp and stringy. 
Celery - Experiment VI 
In c '.is experiment, the celery was iced with 
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10 Ibe. of No. 5 ice, and the entire pack was enclosed 
in a single paper liner. The results of this method of 
icing were satisfactory with the temperature being main¬ 
tained well belo v the critical temperature of bb°F. and, 
for the most part in the upper dO'e and lower 40’s (Table 
JJ), as recommended by Platenius (04). 
By the time the celery reached the warehouse, 
approximately half of the ice in the three experimental 
boxes h3d melted, but there was no evidence of any type 
of deterioration in the iced >oxes; however, the control 
\ . 
box showed wilting of the celery leaves, and the stalks 
had become limp and stringy. 
In comparing Experiment V with Experiment VI, 
it will be noted that, the amount and placement of ice was 
the same. The only difference in the two experiments was 
the use of a single paper liner in Experiment VI. The 
effect of the paper liner res a much lower temperature 
during the marketing operation and a far superior pack 
when the celery arrived at the warehouse. The temperature 
difference in the two methods will be evident by consult¬ 
ing Tables 11 and JJ. 
Celery - Experiment vll 
Using a single paper liner and center Icing 
the celery boxes proved to be an excellent method both 
tram a standpoint of isftirttainin,. a lov temperature and 
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preventing deterioration. 
Immediately after icing, the temperature in 
all three boxes began to droo (Table KK), and by the time 
the celery reached the warehouse, the temperature in the 
three iced boxes averaged 36“t*’., a temperature which is 
veil V7ituin one protective temperature range. 
At the warehouse, approximately half of the 
ice in the three experimental boxes had melted by this 
time, but there was no evidence of any type of deter¬ 
ioration in any of the iced boxes. In the control cox, 
the celery leaves had just be* un to wilt. Here again, 
by comparing Experiment II with Experiment VII, the only 
difference in the tv-o experiments being the use of a paper 
liner, it will be noted that the temperatures in Experi¬ 
ment VII vere lover during the marketing operation and a 
more superior pack arrived at the warehouse. 
Celery - Experiment Vill 
It vill be noted on Table LL that bottom icing 
the celery coxes with 10 lbs. of tfo. b ice and enclosing 
the entire pack in a sinrle paper liner gave fairly satis¬ 
factory results. 
After icing, there was a slow drop in tempera¬ 
ture until the celery reached the warehouse at which time 
the temperature in the three experimental boxes averaged 
oO°F. At this point, the ice in the three experimental 
145 
s 
O) 
4? • 
E V* D 8 
• 
E 
8 . 
•- E 
s 
•• 
• 
e 
8 
• • 
• 
B 
0 
0 • 
•* e 8 
• 
6 8 
• 
B 8 
H •H O K •v • 0 * rH • r-4 • w • • • • • • 9 • • 
a 
fi-* Id O) a r-4 Gl *-♦ a r-4 a 1-4 a C? e 40 a <0 
if) 
1 
V • 
X 0 •0 O «0 CO CO 
*» • <0 40 If) m in in CO 
2 X 3 
tti 
3 • • • • • • • • • 
< • a k k £k Ik ik Ik k. u 
0 E 0 • • • « • ♦ • 
P (D w O- CD C a> 0 
«* 8- o- 0- 0* 0- CO cv c- 
t) 
c 
M • • • • • • • • 9 
• O, Ek fc. u. Ca. u k< <k tk. 
m X) E • • • • • • • 0 
B 4) to g> r-4 0 in 3* ■tf 
• 
ft « {-* o- 0- £ CD CO CD 0) v 
Sc 
V* H 
o O 4* • • • • • • • • 
u *> tk u. 6u fit. k k. ik Ik f P «D • • • • • • 0 O 
<0 X C u fH * 40 0* CO O r-4 CT» 
JO 9) 0 5 o- c* 0- t- o- CD CD O- 
r-4 C 0 
<H 
C *J 
H „ 
4> « • • • • • • • 
XJ 9> 4-> fth k k. tk Ik tk u 
** 0 a 0 • • 0 • • • t» • 
*H U! r-4 O- c- CO X* CO 9 
* a, 0 o- 0* e* CO m 
T) 4) 
4) rH 
c u: 
M E 4) • • • • • ♦ • • 
4-» k. c*. Ik fk (k (k Es. 
e ca a m • 0 • 6 • • • c 
0 h r-4 in CO to to CO 0 
+> O 0- o- 0* c- to «n *n 
4» 
0 
DC 
1 4; • • • • • • • • 
tk fr. wu Ik {k Ck ik tk 
>> a < • • • • • • • • 
£ £ r-4 'f m co CO * CO 9 
a. 0 0 o- 0- r- CO in m 
4) 
O 
a 
9) f3 0) 43 10 
* c 
CO «H 40 
u u 
w 
a 
u 
SA 
4-4 
x: X! A 
*o 
XI XI 
H 
1-4 83 0 r-4 04 Ck pO *0 m CO H 
M 
> 
<4 I 
P 
C 
*» 
C 
C 
r4 
C 4) 
-c4 X 8* 
XI 
8 
to 
c 
bfi 
X 4> 
4> C-t (D O «-4 a w H 
K 0 e k» a CO (0 JX Ifc 3 a 
-4 «H « a 4) 0 c C 0 a p> 
k V k 4) «c *d x: -3 a p u a tp id k> a p 4) 0) 
4) O 4) > 4> O r-4 0 H Ik c (u A tk c fk S5 r-4 >ci 
A a a A E C 9) C 4) a k> EsO*h a 0 X X r-4 X a <4 3 <H 3 <H CH v» c V C r-4 C r-4 -C 3 
W Ik w X H ca ik (0 k* M (k X-HM M tk M fk 
146 
boxes bad completely melted, but there -"ar no evidence 
of any type of* deterioration in any of the thr^e bores 
with the exception of a email amount of pittcng of the 
etalks in the lower layers* This pitting t ae presumably 
caused by the sharp ice ir the hot tom of the boxes, and 
the pressure cy* the upp~r layers of celery forcing the 
bottom layers do^n against the- ice. In the control box, 
the celery leaves **ere very severely vilted, and the 
stalbe bad become limp and stringy. 
Celery - Experiment IX 
Tor end center icin; the celery boxer, with 
5 lbg. of No. 5 ice and enclosing the entire peck in a 
single paper liner proved to be the test method of celery 
preparation for market in th* tec season* of work. 
Immediately after icing, the temperature in 
the three exrerlmcntal boxes be an to drop, and by the 
time the celery arrived at the warehouse, the temperature 
in the thrc>e ice1 bov-s ^v°r aged 37°?, (Table KM). 
At the warehouse, the ice in the three experi¬ 
mental boxers bad completely malted by this tire, but there 
was no evidence of any type of detcrio.ratlon in any ox 
the three experimental boxes; however, in the control box, 
the celery leaves had. become wilted in .he upper layer„ 
Celery - Experiment X 
It *111 be noted on Table NN that the explica¬ 
tion of 5 lbs. of No. 5 ice to the top, center- and bottom 
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of the celery boxes and their enclosure In a single psp-r 
liner produced excellent results. As a matter of fact, 
this method produced the lowest tempexature of any 
method used with celery In two seasons of experimentations. 
Aft^r icing, the temperature m the three ex¬ 
perimental boxes dropped rapidly, and by the time the 
celery had re: ched the "erehouse, the temperature in the 
three experimental boxes had dropped to 36°F. 
At the warehouse in the three experimental 
boxes, the ice was aprroxlra tely half melted, and there 
was no evidence of any type of deterioration with the 
exception of pitting of the celery stalks in the bottom 
of thp boxes where the celery was in contact with the 
sharp ice and wooded bottom of the box^s. This pitting 
was presumably caused by the pressure of the upper layers 
of celer.) forcing the bottom layers do'-n against the ice 
in the bottom of the boxes. In the control bo*', the 
celery leaves were badly wilted and had begun to get slimy. 
Also, the celery stalks were limp and stringy. 
Celery - Experiment XI 
Hydrocooling the celery for ten minutes in an 
immersion-type hydrocooler (Fig. 13) and then top icing 
the boxes with 10 lbs. of No. 5 ice and enclosing the , 
entire pack In a single paper liner produced satisfactory 
results from both a standpoint of maintaining low temper- 
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Flffure 11 
Celery Packed and $eady for Market 
Fl> urc 12 
I rn roe r a lon-typen'ycTrooooler Used In 
r:xDerlraental ’"ork «ith Celery and Radishes 
f 
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etures and preventing deterioration. 
•hen the celery reached the warehouse, the 
temperature in the three experimental boxes averaged 4?°F. 
(Table 00)---well within the protective temperature range 
of 55 0 F. as recom ended by Pletenius (34). 
At the warehouse, one-third of the ice in the 
three experimental boxes had melted, but the celery was 
in excellent condition showing no deterioration in any of 
the experimental boxes. In the control box, however, the 
celery leaves had just begun to wilt. 
Hydrocoolin^; of celery is recommended by Zink 
(50). This worker reports that using an overhead-type 
precooling machine, the water of the precooler being at 
approximately 35°F., celery was precooled quickly and 
thoroughly. 
Gelery - Experiment XII 
Hydrocooling the celery for fifteen minutes 
and then too icing the three experimental boxes with 10 
lbs. of Ho. 5 ice produced very satisfactory results 
from a standpoint of both maintaining a low temperature 
end preventing deterioration. 
Using a combination of hydrocooling and icing 
caused an immediate lowering of the temperature which . 
continued to drop until at the warehouse the average tem¬ 
perature in the three experimental boxes was 44°F. 
t 
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Upon the Arrival of the celery at the ware¬ 
house, approximately half of the ice In the three experi¬ 
mental boxes had melted, but the celery was in excellent 
condition showing no evidence of deterioration at all. 
In the control iox, however, the celery leaves were severely 
wilted, end the stalKs had become limp and stringy. 
In the preceding three experiments using hydro- 
cooling to remove fi^ld heat quickly and thoroughly, 
packs e icing to maintain a low temperature during the 
marketing operation, and a paper liner to cut down air 
circulation proved to be one of the most effective methods 
for insuring a superior pack upon arrival at the warehouse. 
Radishes 
Radishes were iced and/or hydrocooled during 
the seasons of 1950 and 1951 in the packing shed at the 
DeVincent Brothers' farm in v,'alt ham, Massachusetts. The 
same evening of icing and/or hydrocoolinp, the produce 
was transported by truck to the First National Warehouse 
in Somerville, Messechusetts. These experiments were con¬ 
ducted over a period of from twenty-two to twenty-four 
hours. 
Methods of Pecking. I clng and Hydro cooling 
Radishes were harvested between 3:00 a.m. and 
10:00 a.m. They v?ere freded, bunched and packed into 
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bushel boxes right in the field with forty-eight bunches 
of radishes in each box (Figs. 13, 14 and 15). Upon reaching 
the packing shed, the boxes of radishes were further graded 
and washed to remove sny loose soil adhering to the sur¬ 
face of the radish. Four boxes of radishes ’'ere used in 
each experiment—three for experimental, purposes and one 
ae a control. 
History of Produce 
Radishes were iced and/or hydro cool pd betw-een 
11:00 a.m. and 12:00 p.m. At approximately 7:00 p.m. that 
evening, the radishes were trucked to the warehouse arriv- 
ln in Somerville at approximately 8:00 p.m. The follow- 
in orning, they were distributed to the retail stores. 
Radishes - Experiment I 
It will be noted on Table RB that packing 20 
lbs. of block ice between the two rows of radishes, the 
radishes being arran ed so that leaves faced toward the 
ice in the center of the box, produced unsatisfactory 
results both from a standpoint of maintaining a lovr temper¬ 
ature and preventing deterioration. 
At no time in the marketing operation did the 
temperature of the radishes drop to or below the minimum 
protective temperature of 55°F. as recommended by Platenius 
(34). This fact explains the poor condition of the radish 
leaves upon their arrival at the retail store. 
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Figure 13 
Rediflhes Bunched in Fl?ld 
Figure 14 
Kadiehes Bun chnd in TT' i **1 d Bo X 
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PIpurft 15 
Radishes in ileld ' oxes 
rt- 
Figure 16 
Ice Retail Display Case 
Ueed in Controlled fcxrerlnaents 
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One-fourth of the orit inel 20 lbs. of block 
ice ras still left in the three experimental boxes when 
they reached the retail store; however, the radish leaves 
had wilted completely in the three iced boxes, and in the 
control box, the leaves were completely wilted and some 
of them vere beginning to become slimy. 
Radishes - Kxneriment II 
In this experiment, the placement of ice was 
20 lbs. of block ice between the two ron,s of radishes. 
The stems of the radishes ere arranged so that they 
faced away from the ice, and the entire pack was end osed 
in a single paper liner. This method of icing proved 
fairly satisfactory from a standpoint of maintaining a 
low temperature, and preventing deterioration (Table SS). 
While the temperature in the three experimental boxes 
never dropped below the critical temperature of 5b°F. as 
recommended by Platenius (34), the results of the experi¬ 
ment do indicate that the temperature was low enough to 
prevent any serious deterioration. 
At the retail store, approximately or,e-fourth 
of the ice was left in the three experimental boxes, and 
the radish leaves were all In a good, fresh, green, non- 
wilted condition. In the control box, on the contrary, 
the leaves were entirely wilted and .lust beginning to be¬ 
come slimy. 
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Radishes - Experiment III 
In this experiment, the placement of ice was 
20 lbs. of block Ice packed between the two rows of rad¬ 
ishes. The stems of the radishes were arranged so that 
they faced the Ice in the center of the box with the entire 
rack enclosed in a single paper liner. 
The only way in which this experiment differs 
from Experiment II is the arrangement of the radish leaves. 
In this experim nt, the leaves are facing towards the ice. 
As might be expected, the difference in the temperatures 
obtained by using the arran ement in this experiment where 
the radish leaves faced the ice amounted to only four de¬ 
grees (Table TT) in each instance, and the condition of 
the produce upon Its arrival et the retail store was ap¬ 
pro xi mat el y the same. 
When the radishes reached the retail store, 
all the ice in the three experimental boxes had melted, 
but the radish leaves were in excellent condition showing 
no wilting. In the control box, the radish leaves were 
completely wilted, and some were becoming slimy. 
Radishes - Experiment IV 
The placement of ice in this experiment was 
20 lbs. of block ice between the two rows of radishes.. 
The stems of the radishes were so arranged that they faced 
the ice, and the entire pack was surrounded by a double 
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dsoer liner. This method of icing gave satisfactory 
results with the temperature slowly dropping after Icing 
until the temperature at the retail store the following 
morning averaged b4*F'. (Table UU). 
At the rat all store, the ice in the experi¬ 
mental box* s had completely melted, but the radish irves 
vere in excellent condition showing no evidence of Tilt¬ 
ing. In the control I ox, however, the radish leaves were 
completely wilted and some of the leaves had become slimy. 
This experiment usin', a double paper liner 
was performed in order to see if there was any advantage 
in using a double paper liner over that of a single paper 
liner. As the foregoing results would seem to indicate, 
there is absolutely no advantage in using c. double paper 
liner, or if there were an advantage, it was sc small that 
it could not be detected. 
Rad1shes - Experiment V 
In this experiment, the radishes were hydro- 
cooled in an immersion-type hydrocooler (Fig. 12) for 
five minutes, the water in the hydrocooler having a tem¬ 
perature of 39°F. The radishes were then iced with 20 
lbs. of block ice between the rows. The stems "ere go 
arranged that they faced outward away from the ice. 
This method of hydrocoolln and icing produced 
unsatisfactory results both from a standpoint of maintaining 
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f lo temperature and preventing det rloretion. 
Hydro cooling produced an immediate and rapid 
drop in the temperature of the radishes, but once the 
temperature was within the protective ran, e, the cooling . 
effect of the ice was not great enough to maintain a low 
temperature during the remainder of the marketing operation. 
By the time the radishes arrived at the retail store, the 
temperature in the experimental boxes averaged 71 °F. (Table 
VV). 
At the retail store, the ice in the three ex¬ 
perimental boxes had completely melted, and the radishes 
in all three boxes had severely wilted leaves. In the con¬ 
trol box, the radish leaves v'ere completely wilted, and 
some of the leaves had become slimy. 
Radishes - Experiment VI 
In this experiment, the radishes were hydro- 
cooled for ten minutes In an immersion-type hydrocooler 
(Fig. 12), the water in the hydrocooler being 54°F., and 
then iced with 20 lbs. of block ice which was placed be¬ 
tween the two rows of radishes. The radishes were ar¬ 
ranged so that the stems faced outward away from the ice. 
Here again, as in the preceding experiment, the temperature 
produced by this combination of hydrocooling and icing was 
not low enough to prevent deterioration of the radish 
leaves. Hydrocooling did bring the temperature down to 
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well vithin the protective range as recommended by 
Platenlus (34) but almost immediately after hydrocool¬ 
ing, the temperature in the iced boxes began to rise 
until at the retail etore, the temperature in the radish 
ho xe & aver aged 64 0 F. (T abl e W7.1). 
At the retail store in the three experimental 
boxes, the ice had completely melted, and the radish 
leaves in all three boxes were severely vilted, In the 
control box, the radish leaves were completely wilted 
and very slimy. 
Hadishes - Experiment VII 
In this experiment, the radishes were hydro- 
cooled for fifteen minutes In an immersion-type hydro- 
cooler (Fig. 12). The water in the hydrocooler was at 
a temperature of 42*F. Next, the produce was iced with 
20 lbs. of block ice between the two rows of radishes. 
The radish stems were so arranged that they faced outward 
away from the ice. This combination of hydrocooling and 
icing also produced unsatisfactory results both from a 
standpoint of maintaining a low temperature and preventing 
deterioration. 
It will be noted on Table XX that hydrocool¬ 
ing caused an immediate end rapid decline In the temper¬ 
ature of the radish boxes, but the Ice in the pack was 
unable to maintain this low temperature produced by hydro- 
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cool in,- through the remainder of the marketing operation. 
At the retail store, the ice in the three ex¬ 
perimental boxes had completely melted by this time, and 
the radish leaves in the iced boxes had become wilted. In 
the control box, the radish leaves were all "ilted and 
had become slimy. 
i:t6:dishes - Experiment *7111 
In this experiment, tne radishes were hydro- 
cooled for five minutes in an immersion-type hydrocooler 
(Fig. 12), the water in the hydrocooler being at a tem¬ 
perature of 40^., and then iced with 2b lbs. of No. 1 
ice placed between the two rows of radishes. The radish 
stems cere so arranged that they faced outward away from 
the ice. The only difference in this experiment and Ex¬ 
periment V vas the type of ice and the amounts used. In 
Experiment V, 2C Ids. of block ice was packed between the 
rows, and in this experiment, 2b lbs. of No. 1 ice was 
packed in the same manner. Even though the 25 lbs. of 
No. 1 ice in this experiment did maintain the temperature 
in the radisn boxes at a somewhat lower level, it was not 
sufficiently low to prevent the radish leaves from tilling. 
Hydrocooling caused an immediate and rapid 
lowering of the temperature, but from the end of hydro¬ 
cooling until the radishes arrived at the retail store 
there was a steady increase in temperature. At the re— 
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tall store, the temperature in the experimental boxes 
averaged 64 °F. (Table YY). 
By this time, the ice in all three of the 
experimental boxes had melted, and the temperature had 
begun to rise. In the three iced boxes, the radish leaves 
had become completely wilted. In the control box, the 
radishes were completely wilted and slimy. 
-iadishes - Experiment IX 
In this experiment, the radishes were hydro- 
cooled for ter. minutes in an immersion-type hydrocooler 
(Fig. 12), the water in the hydro cooler bein at 44* F., 
end then iced ‘it! £5 lbs. of No. 1 ice placed between 
the rows of radishes. The bunches of radishes were so 
arran^ ed that the stems of the radishes were facing out¬ 
ward sway from the ice. 
This combination of hydrocoolih and icing 
produced fairly sstisfactory results as will be noted on 
Table ZZ. hydrocooling produced en immediate and rauid 
drop In temperature of the radishes from 82°F. to 52CF. 
The temperature very slowly and steadily Increased after 
hydrocooling until the radishes reached the retail store, 
and the amount rnd placement of ice ’/’as sufficient, to 
hold the temperature within the protective temperature' 
range of 55°F. as recommended by Platenius (64). 
The ice in the three experimental boxes had 
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completely melted by the time they bed reached the retail 
store, but, the radish leaves vrere in good condition with 
only a fe^ of the leaves bef innim to *ilt. In the con¬ 
trol bo7, the radish leaves vere completely vilted, and 
some of them v ere becoming slimy. 
Radishes - Experiment X 
In this experiment, the radishes were hydro- 
coded for fifteen minutes in an immersion-type hydro- 
cooler (Fig. 12), the water in the hydrocooler being at 
a temperature of 39® 1\, end then iced with 2b lbs. of 
No. 1 Ice pltced between the tvo rows of radishes. The 
radish stems were so arranged that they faced outward 
avay from the ice. This method of hydrocooling and icing 
produced satisfactory results both from a standpoint of 
maintaining a low temperature arid preventing deterioration. 
The field heat was removed very effectively by hydrocool¬ 
ing, anu the amount and placement cf ice was sufficient 
to maintain the temperature of the radishes in the upper 
40*8 and lo^er 50's during the remainder of the market¬ 
ing oper ation (Table AB). 
At the retail store, the ice in the three 
experimental boxes had completely melted, but the radish 
leaves were only slightly wilted. In the control box, 
all radish leaves were completely wilted. 
Radishes - Experiment XI 
In this experiment, the radishes were hydro- 
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cooled for five minutes in r-n immers ion-ty oe hydro cooler 
(Fig. 12), the water in the hydrocooler being at g tem¬ 
perature of 40°F., and then iced ^ith 20 lbs. of block 
ice placed between the t-o ro^s of radishes. The stems 
of the radishes vere arranged so that they faced outward 
aray from the ice, and the entire rack res enclosed in a 
single paper liner. This combination of hydrocooling and 
iclnf plus a paper liner oroduced satisfactory results 
both from a standpoint of maintaining a lor temperature 
and preventing deterioration. The temperature in the three 
experimental box s after hydrocooling and icing was main¬ 
tained well below the critical temperature of b5°F. as 
recommended by Plateniue (34)—for the most part in the 
uoper 40*s and lover 50'e (Table AC). 
At the retail store, the ice in the three 
experimental boxes had completely melted, and some of the 
radish leaves in the upper layers of each box had become 
slightly lilted. In the control box, on the other hand, 
all radish leaves were completely wilted, and better than 
25fa of the leaves had. become slimy. 
Rac3ishes - Fxr»ert?nent XII 
In this experiment, the radishes vere hydro- 
cooled for ten minutes in an immersion-type hydrocooler 
(Fig. 12), the water at a temperature of 37°F., and then 
iced with 20 lbs. of block ice placed between the two 
rows of radishes. The stems of the radishes were arranged. 
178 
' V 
8 
Ci 
H 
a cj 
H irl 
8 • EH 
P* #■ 
CD <0 
8 . 
•• 6 
° Z 
<r~i © 
•• e 
r4 • 
H *S 
8 • 
•• e 
r« ? 
r-5 *8 
•• e 
w • 
r-4 p. 
o • 
O 6 
•* • 
CO p. 
8* © • b © e 
•• • • 
CD P, CD ® 
LC 
< 
C- 
H 
•? 
O 
to 
& 
s.i 
« >5 
*c P 
#H 3 
8 IP 
1 o 
Cl <5 
© fit* 
P 
3 « 
C E 
© k 
» P © tn c 
O -H fH I *4 
fc « k O f* © 
U5S k a. © o 
r4 5* © 
O ttf 
© c c gfc —» © CDS 
<c & 
F 
a | E 
•m © 
< §-* 
P" 
-Si 
<§-* 
>*P 
cc © CDS 
I 
© 
© © 
© w 
4 
*»•* © 
•d o 
o 
M 
« 
P 
C 
© 
B 
*h 
u 
© 
& 
Ui 
in 
co 
o © 
A* 4-> 
P «C Q 
C E< 
o 
fj o 
b 
o 
© p 
01 CD E |o 
© 
p 
cl <C 
IO 
© B <E 
B 
«H ■ &* 
S3 
P 
c 
*M © 
O B 
m4 
© Ci 
© © 
4J- 
At W 
Eft 
*0 
fr» 
e 
tx. 
e 
fa* 
c 
Ik 
c 
© 
p 
to 
SI 
r-D t-* 
c- o o o cs c * H 
c- c* c** r* <0 c * cr. 
• 
Ex* 
# 
e«* 
« 
Eft 
• # 
t*. 
• 
(k 
• 
U 
« • o • c • * 
CO to 
0* 
© 
8 s 
• 
Eft 
• 
ft* 
• 
ft* 
• Cr* f Aft 
t 
ft* 
• 
It* 
• • o C o • © 
<0 ©> 00 o CO CO o 0- 0* £ CO oo 0- c- 
• 
u* 
• 
Ik 
• 
k 
• 
k 
• 
k 
• 
k 
• 
Cft 
P €> 6 V a • 0 
8 8
0
 
8
1
 
P 
IO 
CO & 8
0
 
• 
u* 
• 
At 
• 
fix. 
• 
Eft 
» 
Oft 
• 
Oft 
# 
ft* 
o • • P • • e 
Cft CO CO CO to to 0> 
fr* CD CD 4* •0* 
• 
Oft 
« 
Aft 
• 
Oft 
4 
k 
• 
Aft 
# 
Aft 
♦ 
Oft 
p 0 • • • • © 
a CO to CO CO to to 
> CD CO «** *• 
4 
k 
4 
ift 
• 
Eft 
4 
Aft 
• 
k 
4 
k 
• 
k 
© • e © p o a 
Cl H CO CO CO lO 
CD CO # 
• • 
• 
* c • • 
4 
to 
• 
© 
© © © W u k 
u H 0 04 % SX XX 
XX J3 XX Q 
«0 
CO 4* 
CO o W tO xp H CO 
© 
1 
6 -d 
c J3 © 
•H X IP M C *0 a IP © 
at © a: 
*H 
*« 
>** 
X US 
Ui 
d 
H © © © O C o 
*d »d 
a H 
Xi xt 
o fH 
«S P 
p* c 6 SIP 
© p 
Of c 
■• < 
13 <h a> © C4 
S5 © £ © «0 *» O -H © & *4 n *r* C H o o c H «t 
CQ Eft m k M D, < OH M 11* 8# K as 
■ 
179 
so that they faced, away from the ice, and the entire 
PcCk was enclosed with a single paper liner. 
The above combination of hydro cooling and 
icing produced excellent results both from a standpoint 
of maintaining a lov temperature and preventing deter¬ 
ioration. After hydrocool ing and Icin; , the temperature 
in the radish boxes rae maintained well below the critical 
temperature of 55°F. as recommended by Platenius (54), for 
the most part in the lower and upper 40*s (Table AD). 
At the retail store, the ice in all three of 
the experimental boxes hod melted by this time but the 
radish leaves were in excellent condition with only a few 
bunches in each box shot in- slight amounts of wilting. 
In the control box, all radish leaves were comolS'tely 
wilted and most of the leaves had become slimy. 
Radishes - Experiment XIII 
In this experiment, the rndishes were hydro- 
cooled for fifteen minutes in an immersion-type hydrocooler 
(Fig. 12), the water in the hydrocooler was at a temperature 
of 42°F., and then iced with 20 lbs. of block Ice placed 
between the tv-o rows of rr dishes. The radish stems were 
so arranged that they faced away from the ice, and the 
entire pack ^as enclosed in a single paper liner. 
The only way in which this experiment differed 
from the preceding experiment was the length of time the 
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produce was subjected to hydrocooling. In t-is experi¬ 
ment, the radishes were hydrocooled for fifteen minutes 
instead of ten minutes. The results were pretty much the 
same with the temperature being maintained in the lo-er 
40's after hydrocooling and icing, and an excellent rack 
arrived at the retail store. 
At the retail store, the ice in the three 
experimental boxes had completely melted by this time, 
and the temperature had begun to rise. The radish leaves 
in th*- three experimental bores were in excellent condi¬ 
tion showing no si ns of wilting. In the control box, 
however, th® radish leaves were completely wilted, and 
most all of them had become very slimy. 
Radishes - Experiment XIV 
In this experiment, the radishes w,ere hydro- 
cooled for five minutes in an immersion-type hydrocooler 
(Fig. 12) and then iced with 2b Is. of No. 1 ice placed 
between the rows of radishes. The radish stems were so 
arranged that they faced outward away from the ice, and 
the entire pack was enclosed in a single paper liner. 
Here again, 25 lbs. of No. 1 ice was packed 
betv.!een the two rows of radishes instead of 20 lbs. of 
block ice. 
If b comparison is made between Experiment XI 
end this experiment, it will be found that the use of 
182 
f .* * 
# 
f 
fa- 
fa 
3 ♦> 
fa 
fa 
fa 
C| 
B 
fa 
f* 
£ 
H 
» 
rH 
CO 
ci 
CO 
p 
as 
I 
m 
o 
s* 
0: C 
P S3 
tft ® 
I 
I P 
CO «C 
ft) 
P fa 
3 C 
chI 
r »h a 
c 
• «r-l 
. 0*3 
faZ 
o fa 
%•» v« ft> 
fa ° d 
•> • fk 
oiS ft> 
8H^ 
fa CO «H 
•9 cr. 
K I 
** 
«0 *S 
fa p 
43 3 
«C 
m 
%9t (U P 
t) 
at 
Ik 
► 
H 
*> 
c 
fa 
0 
*■« 
fc 
8* 
M 
ft} • 
8 
• 0 • 8 • 8 . 8 • O t 0 fa 0 
G^B e 0 B •• E •• B «• E O 13 O e 0 
W 0 M • • • •« • O • H * CO • •* fa •* • •* 
H to CO <ts as <6 rH ftJ rH 4 H P> rH a tn P. CO 
# 
X 
s 
© CD CD to to w OS 
• 
ES 
ao CO CO CO CO CO 
• • • • • fa • • • 
• p- fa. fa* fa. fa. fk fa. tk fa* 
B B 0 • • • • • • « 
P ft) 
3 
*0 
<0 
to 
to 
to 
to 8 8 
0* 
to 
rH 
to 
• • • • • fa • fa • 
• a- 
* fa. fa. fk fa. fa. fk fa. 
43 g • • • • • • • 
& 
<0 
a 
to 8 F? £ g 0- 
'C 
to 
H 
O ft> • • • • • • fa • 
fa P h. fa* fa. fa. fa. fk fa. fa* 
p m a • • • • 0 « • a 
16 
s e 
to 
0* 
m 
o* £ g 
rH 
CO £ 
os • • • • • fa • • 
P fa. fk fa. fa. fk fa. fa. 
03 0 • • • • • • • 
fa 
s 
CO to Os to <£ *2 as O C** ** H* * ■fa* 
• • « • • • fa * fa 
P W4 fa* fa. fa. fa* fa. fk «k 
a m 0 • • • • e ' « 0 
fa 
s 
CO «* <0 42 in to 00 
0 c^ 0- xj* <<* XT ■fa 
ft) « • • # • # • • 
P fa. fa* fa. fk fa* &. fk fk 
<0 < • • • « • © • O 
u H* IH O CD to tn 00 
0 & c* xf xf H* xf» 
S 
• 
to 
fa 
CO 
fa 
<30 
fa 
fa 
fa fa fa fa 
43 4 43 A 
CM to <* UO 
0 »d 
» 
fa c 
V Jf 
H 
Aft 5 to 2 P M 
O c 0 O 
4 P fa p to 4 p aj P 
At <3 WH C fk *3 fk g 
4 P O <H fa fa 
C rH woo C H C rH 
M $k < O M M fk M fk 
CO 
fa 
A 
OS 
fa 
03 
3 
O 
43 
ft) 
% 
I* 
to 
I4 
A 
CO 
183 
25 lbe. of No. 1 ice produced results which vere very 
similar to t ose obtained by the use of 20 lbs. of block 
ice. The temperatures throughout the marketing operation 
v ere wit in one or two degrees of one another (Table AF), 
and the end results "ere the same resulting in an excel¬ 
lent pack upon arrival at the retail store. 
At the retail store the ice had completely 
melted in all three experimental boxes by this ti^e, but 
the radish leaves were in good condition showing only 
slight "'llting of the leaves in the upper layers. In the 
control box, however, the radish leaves were completely 
wilted. 
Radishes - Experiment XV 
In t is experiment, the radishes "ere hydro- 
cooled for ten minutes in an immersion-type hydrocooler 
(Fig. 12), the water at a temperature of 40°F., and then 
iced with 25 lbe. of No. 1 ice placed between the two 
rows of radishes. The radish stems vere so arranged that 
they faced outward away from the ice, and the entire pack 
was enclosed in a single paper liner. 
This combination of icing and hyorocooling 
produced satisfactory results both from a standpoint of 
» 
maintaining a lov' temperature and preventing deterioration. 
After hydrocoolin and icing, the temperatures 
in the experimental boxes vjere held down in the upper 40* s 
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ftnd lcr er 50* e. The average temperature in the radish 
boxes upon their arrival at the retail store wbs 50°F. 
(Table AG). 
At the retail store, the ice in the three 
experimental 1 oxes had completely melted by this time, 
and a slight lilting of all radish le ves had taken 
place. In the control box, the radish leaves rere com¬ 
pletely wilted, and some of them had become slimy. 
Kedlshes - Experiment XVI 
In this experiment, the radishes rere hydro- 
cooled for fifteen minutes in an immersion-type hydro- 
cooler (Fig. 12), the water in the hydrocooler having a 
temperature of 39°F., and then iced with 25 lbs. of No. 1 
ice placed between the two rows of radishes. The radish 
stems were so arranged that they faced outward away from 
the ice, and the entire pack was enclosed in a single paper 
liner. 
This method of hydrocooling and icing produced 
satisfactory results both from a standpoint of maintain¬ 
ing a low temperature and prevent!nr deterioration. 
After hydrocooling and icing, the temperatures 
in the three experimental boxes were held well below the 
critical temperature of 55°F. as recommended by Platertius 
(34)_for the most part in the upper 40's end lower 50's. 
At the retail store, the ice in the three 
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experimental boxes had completely melted by this time, 
but the radish leaves ^ere in good condition with only 
slight wilting of the leaves in the upper layers. In 
the control box, the radish leaves had become completely 
wilted and slimy. 
Asp ar at. ue 
Controlled Retail Experiment I 
This experiment was carried out in the lab¬ 
oratory at the University of Massachusetts on July 4 and 
5, 1950. The experiment was conducted in an ice display 
case very similar to those used in retail stores (Fig. 16). 
The object of the experiment was to determine the tem¬ 
perature of asparagus under retail conditions when packed 
in crushed ice so that the bunches were completely covered 
in 4 ins. of ice, in 2 ins. of ice, resting on ice, in tap 
water and packed dry. In each of the above methods where 
ice was used, grades of ice 1 through 5 were tested on 
each method. Each test was repeated five tiroes for each 
£rade of ice and five times for tap water and dry packed. 
In each test, 1-lb. bunches of asparagus -'ere used, and 
the temperature was recoided by inserting a thermometer 
in thp center of the bunch. 
Asparagus was harvested between 6:00 a.m. and 
8:00 a.m. on the morning of July 4, 1950. After bunching 
and trimming on the rover’s farm, the asparagus was 
188 
transported to the laboratory In French Hall at the 
University of Massachusetts. At 4:00 p.ra., the experi¬ 
ment began end ran until 4:00 a.m. on the morning of 
July 5, 1950, a period of twelve hours. During the 
twelve-hour period, temperature recordin* s were made 
hourly. 
hitnin two hours from the beginning* of the 
experiment, the asparagus completely covered with ice 
of all grades, the asparagus p eked in 4 ins. of ice 
of all grades, and the asparagus packed in 2 ins. of 
ice of ell .t?dee rere below the protective temperature 
of 55°F. es recommended by Platenius (34) at the end of 
twelve hours. The lowest temperature attained at the 
end of twelve hours by asparagus completely packed in 
No. 1 ice rae 3l°F.; No. 2 ice, 31°F.; No. 3 ice, 32°F.; 
No. 4 ice, 34°F.; No. 5 ice, 32°F. (Table AI). The low¬ 
est temperature attained at the end of twelve hours by 
asparagus packed in 4 ins. of No. 1 ice was 33°F.; No. 2 
ice, 34°F.; No. 3 ice, 36°F.; No. 4 ice, 32°F. and No. 
5 ice, 41°F. (Table AJ). The lowest temperature attained 
at the end of twelve hours by asparagus packed in 2 ins. 
of No. 1 ice was 45°F.; No. 2 ice, 38°F.; No. 3 ice, 41°F. 
No. 4 ice, 38CF. and No. 5 ice, 42°F. (Table AK). 
The last of the iced asparagus to come within 
a protective temperature range were those resting on ice. 
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It took nine hours for the temperature of the asparagus 
rectinf on all grades of lee to drop below the protective 
temperature of 55 °F. as recommended by PIatenlus (54). 
The lowest temperature attained at the end of twelve hours 
by the asparagus resting on No. 1 ice was 51°F. ; No. 2 
ice, 46®F.; No. 3 ice, 54®F.; No. 4 ice, 47®F. and No. 5 
ice, 54°F. (Table AL). 
The asparagus packed in tap water and packed 
dry attained a temperature belo^' that of the recommended 
protective temperature of 55°F. during the twelve hours 
of the experiment (Table AM). 
Asparagus 
Controlled Retail Experiment II 
This experiment was performed in the labora¬ 
tory at the University of Massachusetts. It ran contn- 
uously from June 11 to June 16, 1951, a period of six 
days. The experiment was conducted in an ice display 
case very similar to those used in retail stores (Fig. 16). 
The object of the experiment was to determine the con¬ 
dition of bunched asparagus stored under retail conditions 
for a period of five days when packed in crushed ice so 
that the bunches were completely covered, in 4 ins. of 
ice, in 2 ins. of ice, resting on ice, in tap water and 
packed dry. In each of the above methods where ice was 
198 
used, grade No. 1 vas employed, this grade being the si?.e 
usually used by retail stores. 
Each test wee repeated, five times and five 
times for tap water and the dry pack. In each test, a 
1-lb. bunch of aepara* us was used, and the weight, color, 
amount of feathering of the asparagus heads and the 
fibrousness of the produce was checked and recorded twice 
daily at 6:00 a.n. and 7:00 p.m. Methods used, to make 
the above-mentioned test* are described in detail in 
MATERIALS AND METHODS. 
Over c period of five days, the bunched aspara¬ 
gus stored In all depths of ice gained in weight. The max¬ 
imum t ain in weight took place in those completely covered 
with ice, and the minimum gain in those bunches Just rest¬ 
ing on the ice. Asparagus stored in £ ins. of tan water 
had the largest gain in weight of any of the bunches in 
the experiment. Those which were not stored in either ice 
or tap v.at er but simply packed dry, lost in weight (Table 
AN). 
There was a decline in the green color of all 
the bunches of asparagus packed in ice, tap water, snd 
packed dry. The decline in color was more gradual in ice 
and tap water in contrast to a very sharp decline in the 
dry pack (Table AO). 
The amount of feathering of the asparagus heads 
199 
$ 
pj 
CO 
C 
■a 
•H 
CD 
rH kn t»0 
in O G 
05 •H 
rH CD p O • O • o • c • o • o • O * 
R cd O R O R o r o R O R o B o B #% H 0) • • • • • • • • • • • • •• « • • • • • • 
CO H Ptf D“ P, co cd o- p, co cd c- p P cd o p 
H 
1 
H • • • • • 
rH D CD 0 0 0 0 0 1 
s G o • • to to to to to 
CD 1 <D H p P o o o o o 
G »>+■> f—1 rH 
G * cd g LO w rH 
•"3 ( D £= O rH rH rH rH rH rH rH 
<G 
o • • • • • • 
00 G • • 00 • 0 • 0 • 0 • 0 • 0 ■ 
-> (M • <D P P 10 ,0 tO ,0 10 p to p to p to ■ j 00 4-3 
-< r* r tli H rH O rH O rH O rH O rH O rH O 
—j M M W 
Q M M ^ rH H P rH P H LO rH CO rH CO rH CO 
• • • • • 
0 • • • 0 • 0 • 0 • 0 • 0 
P P P p to p to P tO p to p to ■ P CD rH rH rH O H O H O rH O rH O 
d c o 
1 0 O M rH rH rH CM rH CM H (M H P «H CM 
P 1 o o • • • • • 
CD (D • • • 0 • 0 • 0 • 0 • CD 
CD , 4 CM • P P jQ N p to p to p to P to 
£> O CO CD crt c c ti rH rH H O rH O H O rH O H O 
05 I 
VJ M Vh W 
1)HHH rH rH rH CM H CO H P rH P r—1 P 
O 
M 
<G 
OJ d o • • • • • 
CD • • • 0 • 0 • 0 • 0 • 0 
• « 5t* • P P p to p to p N p to p to 
o O CO CD rH rH rH O rH O rH O rH O H O 
3 dc CO 
X, M M M rH rH rH tO H CO H H4 H H4 rH H4 
• • • • • 
CD • • • • 0 • 0 • 0 • 0 • 0 
CQ P > P Xj N p to p to p to p to p to 
Ph CQ O CD H rH O rH O H O H O rH O rH O 
«h d P o 
Hb^H rH rH rH rH tO rH H4 rH ^ rH (M H P 
P 
CD P • • • • • • 
H CQ • U CQ 0 0 CQ 0 
rH CD e CD CO G G G G G G 
o R o > G P P P P P P 
G ■H G G p 
-4J Eh Pc cd rH LO 00 05 CM 
c W o rH (M P P 
o 
o 
1 g 
M 0) rH rH rH rH rH rH _ H _ 
M -P LO p lO P LO P P P P P P P lO »P 
G CD Cd 05 Cd 05 cd - CD Cd 05 cd 05 Cd 05 as 
P G P H P rH i—l rH P . rH P rH p rH p rH p 
c O p G & >> 
CD O G <D • • ^ • aj • cd • >» •» • 
e cd *h r H 2 >><m a >?<m a diog P P a cd H4 ^ cd ^t4 a 
*H rH O -H rH <0 H as H ca H 0 H P H P rH 
G -H CD G cd <H p *Vh P 0 <H 0 <G 0 <G 0 <+-< 
cd cd O 0 0 P 0 O 000 0 0 o G 0 O G 0 O G 0 O G <D O 
Q,-p Cd P Ph G G 0 G 0 G P G P c d G d 5 
* CD ,H CO * o d • d d • d d • 0 d • 0 d • P d • P d • 
W GP W 2 pP Hbd & P P c£ h> p B 
200 
pH 
in 
cd 
iH o • o • O • O • 
o e O g O g O g 
• • • • • • • • • • • • 
ID 
rH 
1 
r—1 
to as f> a CD aS D- cd 
• 
rH CO 
N 
CD o 
C 
G o 
*"3 rH 
• • • • 
• 03 • 03 • OQ • CQ 
43 ki 43 N 43 N 43 K) 
iH O H O H O H O 
i—1 CO H CO H CO rH CO 
• • • • 
• CO • 03 • CQ • CD 
43 N 40 Kl 43 t3 40 to 
rH O H O rH O rH O 
rH OJ rH 0-2 rH CV2 rH Q>2 
• • • • 
♦ CQ • CQ • CO • CD 
40 esj 40 N 43 N 43 N 
«G H O iH O H O rH O 
CD 
G H CO rH CO iH CO 1—1 CO 
c 
•H 
+3 
c • • • • 
o • CQ • a) • CQ • CQ 
o jQ N 40 n 43 N 40 N 
H O H O H O rH O 
i—1 rH ^ 1—1 H* rH 
• • • • 
• CO * 03 • CQ • 03 
40 N 43 tH 43 to 43 N 
rH O H O rH O H O 
rH CO rH rH H* rH 
»d • • 
03 • • CQ CQ 
rH CQ CQ G G 
1—1 G G 43 43 
O 43 43 
G i> O 
P CO CO O CV2 
G CO CD 1—1 rH 
O 
O 
1 G 
M 0) rH rH rH rH 
M P in 40 in 43 in 40 in 40 
G cd as 03 cd O) as CD as 
P G rH i-3 H ^3 H _3 rH r-3 
G O 
CD O •* • >> * ♦ 
6 in ^ 10 a aS co ^ cd co ^ 
P •H rH rH >srH rd rH nG H 
43 G H cd «H aS <+h G <H G <H 
bD CD GS ij (1) O *n cd 0 G CD O CD O 
•H ap •H C H G P G P G 
a> W CD G G • G G • cd g • aS G • 
W PG G> l~3 to 03 to tQ «-d G> 
201 
in 
o; 
r—I 
•v 
CD 
rH I 
rH 
H 
CD 
c 
p 
p 
in ttf) 
O G ■H 
CD d 
e as 
H CD 
h pc; 
O CD 3 ft. O 
I 0M 
>»P £ <d }H 
=>£= O 
O B 
• • • 
c- p, 
rH 
O • 
o a 
• • • 
co as 
CO 
o • 
o e 
• • • 
£> Q< 
O • 
o a 
• • • 
CD OS 
O • 
o a 
• • • 
a 
o • 
o a 
• • • 
co as 
cvj to 
O • 
o a 
•• • 
o- p. 
§ 
CD 
rH 
P 
as 
CO 
P 3 
% 
PH GQ 
< 
O 
o 
4h 
O 
CO 
P<M • 
P 
P C Dhh^ 
CO 
p 
p 0 
p c o 
PQ OH 
ft. 0 
CO p 
c a> 
CO 
CO 
<p 
d d o 
0 0 
jo M CM • 
O 0 0 
OS G G o 
0 X, M M M 
o 
H 
«P 
CM d o 
0 
• M • 
O O 0 0 
IS a!GC O 
1(HHH 
(M 
G 0 
p 
c 
p 
o 
0 o 
H 
P G 
0 p 
P. 0 
0 
> 
d G 
P G 
0 
CO 
cvi to CO CO 
CO CO CO CO 
CO CO CO 
CO CO CO CO 
rH 
IP P 
CD aS 
H P 
rH 
IP P 
CD aS 
rH P 
rH 
IP P 
os as 
rH p 
•* • 
B as <P a rH 3 >»(M 3 >><M 3 
•H rH O •H >3rH aS H 0 rH 
ft. ft. *H 0 u aS <P d <P d <P 
o 0 aS o 0 0 d 0 O 0 0 O 0 0 o 
rH ftP aS P p< G G 0 G 0 C 
O K 0 rH aS o P • 3 p • P P • 
O wsp Ph Q w 3 P ZD Eh P P Eh P p 
IP P 
03 0 
rH P 
0 <* • 
d co ^ 
M H 
0 <P 
G 0 O 
d G 
0 P • 
^ P 
rH 
IP P 
03 0 
0 • 
dtO^ 
H 0 
0 
G 
>0 
0 
Be 
0 
G 
P 
P 
<P 
O 
IP P 
03 aS 
H P 
>> - • 
d rH 0 <H 
ft. 0 O 
P G 
P P • 
co 
H < M iH rH rH rH rH (M CM 
d 
0 P • • • • • • 
rH 0 • 0 CO 03 0 0 CO 
i—1 0 g 0 03 ft. ft. ft. ft. G ft. 
O a o > ft. P p P P P p 
ft. •H ft. ft. p 
P Eh fo 0 rH IP 00 03 <M 
G K o rH (M co IP 
>s 
aS 
d 
0 
SH 
EH 
C 
P • 
PP 
e
 
1
4
, 
1
9
5
1
 
o
f 
M
. 
L
a
b
 
202 
o • 
O B 
• • • 
CO CD' 
o • 
O B 
• • • 
0- P, 
O • 
O B 
• • • 
CO aS 
O • 
O B 
•• • 
0- P, 
CD 
C 
P 
•-D lO in 
^ ^ ^ 
^ ^ ^ 
d 
<D 
P 
C 
P 
P 
O O 
^ ^ ^ 
^ ^ ^ 
02 02 02 02 
d • • 
(D • • CQ CQ 
rH CQ CQ u Sh 
rH u u Xi £ 
O & 2 
Jh O 
P to CO o 02 
P CO 05 1—1 rH 
o 
1 P 
M <d rH rH rH rH 
M P m n n n n n n n 
P cr> cd 05 aS 05 as 05 as 
P P H *-2 H h—1 rH ►—J H ^ 
p o 
<L> o •>. • A • >» •» • >> « • 
6 n ^ n a as CO a as co ^ 
•H rH rH »>> pH d H d rH 
u Jh -H gS aS V, in <H P <P 
o aj aS d 0) o d CD O p CD O P CD O 
H ap •H p •H P P P P P 
O R <u U p • Sh P • aS P • aS p • 
O W PP WPP cQ h> I=> 
203 
1
9
5
1
 
<P 6D 
o c 
tH 
CD d o • o . o • o • o • o • o • 
* 
S d ■H CD o e • • • O 6 • • • O 0 • • • O 0 • • ♦ o e • • • o s • • • O 0 • • • 
CD 
rH 
1 
H 
H o- Ph co cd 0- Ph cd cd 0- Ph cd cd O' pH 
rH 
CD 
C 
d 
d D
ry
-N
o
 
W
a
te
r 
O
r 
Ic
e
 
rH rH rH rH rH rH rH 
"
B
u
tt
s
 
In
 
2
 
I
n
s
. 
o
f 
W
a
te
r 
CM 03 03 03 03 03 03 
B
u
tt
s
 
O
n 
Ic
e
 
rH rH rH rH rH pH pH 
d 
CD 
03 
:=> 
CD 
o 
P
a
c
k
e
d
 
In
 
2
 
In
s
. 
o
f 
Ic
e
 
H rH rH pH rH H rH 
M 
N
o
. 
2
 
P
a
c
k
e
d
 
In
 
4
 
In
s
. 
o
f 
Ic
e
 
rH 03 03 03 03 03 03 
T
ip
s
 
J
u
s
t 
A
b
o
v
e 
Ic
e
 
rH rH pH rH rH rH rH 
d 
CD ■p • • . • . . 
rH 03 • CO CO 03 CO CQ CO 
iH CD a <D CO p p P P P p 
O S O > p .p A A P P 43 
5 1 
£ 
rH in GO 03 03 
c txj o rH 03 CO in £> 
o 
o 
1 p 
H CD rH rH pH rH rH rH pH 
M -P in d 10,0 in P LO P in p in P in P 
c 03 o> 03 cd 03 cd 03 Cd 03 Cd 03 cd 03 cd 
-p d ■p H hJ rH pH t-3 rH »-3 rH P pH P pH P 
c o 
CD O 
d C 
C CD •% • •* • «*, • 
>> 
cd • 
>> 
cd ~ • >5 ~ ♦ >J » • 
s cd •hh g rH S >»cv3 m >?03 a d to ^ d to ^ cd a a? a 
•H rH o -H d H <drH co rH 03 H d h d pH 
CD P cd d <P d <P CD <*H CD <Vh 03 <p 03 <p 
O CD CD d CD o CO CD o CO CD O C CD O P CD O P 03 O P CD O 
QP c c CD C CD C d P d C d p d p 
CD o d • d d • d d • CD d • CD 3 • p d • P d • 
W ^ d ^ £^d m Enbd E-t d p3 
204 
in 
UJ 
rH o • o • o • O • 
O B o e O B o s 
• • • • • • • • • • • • 
to to c3 j> a to aS £> P, 
rH 
1 
H 
H 
CD 
G 
3 
rH rH rH i—1 
CM CM CM CM 
rH rH rH rH 
<D 
3 
c H rH rH rH 
•H 
P 
c 
o 
o 
CM CM CM CM 
rH rH rH rH 
»d • • 
CD • • 0 0 
i—1 CO 0 G G 
rH G G & 
O .3 ,G 
bn g £- O 
c p CO to O CM 
«H c CO CD rH rH 
g o 
CD o 
A 
P 1 G 
Cj H 0) rH rH rH rH 
CD M P 10 P in r° in in fit 
fx< C CD cti CD 0 CD aJ cd aS 
P 3 H rH H r-1 rH i-3 
<P c O 
o 0 O #>* • M ♦ >s •» • >> « ♦ 
s lO £3 in ^ 0 tO ^ aj to a 
P •H rH rH >>H *d rH d h 
G G *d 0 <H Cd <M G <G G <P 
3 0 0 «d 0 o «d 0 o 3 0 o 3 0 O 
O ap ■H G •H g P G P G 
>< 0 G 3 . g 5 . 0 3 • cd 3 • 
<j wed »“3 £D CQ t-j 35 cQ 3> 
205 
CO 
1 
% 
CM 
CO 
<5 
p 
CD 
<D 
£h 
5a 
c 
P 
P 
P 
o 
c3 
CD 
rH 
(0 
rH 
I 
rH 
i—I 
CD 
C 
3 
h> 
P 
CD CO 
:=) 
CD 
o 
02 
o 
P 
CD 
o 
pH 
p 
c 
o 
o 
I u 
M <U 
M P 
c 
c o 
CD O 
6 
P rH 
a*« 
bo 
o c 
P 
<d p O • o • O • O • O • o 
& td O g O g o s o e o s o P <D • • • • • • • • • • • • •• • • • 
E-* pc: !> ft CO cd fr- ft CO cd o- ft CO 
• 
O CD 
s Ph o 
1 <D M 
>>P „ O O o O o o Ph cd k o O 02 CO 
0^0 
<p 
o 
co U 
PCV2 • <D 
P CO p o O o o o o 3 C G aJ rH rH «H 02 0J w 
CQhh^ 
CO 
p 
P CD o o o o o o 3 c o o 02 CM CO co in 
WOH 
k
ed
 
2 . 
o
f 
O CO <D o o O O o o 
cc c C O CO CO 02 CO co cO 
Ph M M M CO CO 
p o 
<D 
O IQ CD c o O O o o deco rH rH rH CO CO 
PM H H H 
CD 
CO P > 
CO O CD o O O o o o 
P P o CO GO CO o o 02 
CO CO CO 
P • • • • • OQ • CQ CO CO CO CQ 
T
im
e 
F
ro
m
 
a
r
v
e
 
CO 
Ph 
£\ 
£ 
rH 
£ 
u 
A 
in 
pH 
.G 
CO 
Ph 
CD 
ffi O rH 02 co m 
p 1
95
1 
L
ab
 
1
95
1 
L
ab
 
1
95
1 
L
ab
 
1
95
1 
L
ab
 
1
95
1 
L
ab
 
P G 
C CD ' * ♦ • * • >> cd *> • ?>> cd •> • 
cd <p e i—i s >>02 a >»o2 a p co ^ P CO ^ cd 
O P H Cd H cd h CQ H CQ H P 
CD Ph Cd <M P <P P *p CD «H CD <P CQ 
O CD 0) p cd o CQ 0) O CO <D O C CD O CP O Ph 
cd p a 
H CD R 
c g CD C CD C P G P C 
O 3 • p p • p p . o> p • CD P • £\ 
Ph Q W EH »-3 p) ^ P £> ^ ^ m Eh 
s 
rH 
ID rO 
CD CD 
rH 
CD 
C 
3 
h> 
<P 
o 
T
h
u
rs
d
ay
 
72
 
h
rs
. 
42
0 
44
0 
46
0 
45
0 
42
0 
46
0 
7
:0
0
 
Ju
n
e 
1
4
, 
19
51
 
p
.m
. 
U
. 
o
f 
M
. 
L
ab
 
206 
05 
rH o • o • O • o 
o e o g O S o 
• • • •• • • • • • • 
CO co cd fr- o< co cti D- 
n 
1 
H 
H 
0 
c o 
3 CD 
O o o o 
CO CO CO 
O o 
CO CD 
o o o O 
CO CD CD CO 
H< 
o O O 8 CO 
o o O o 
CVJ CM CV} (X! 
*0 • • 
0) • • CD CO 
rH CO CD U u 
rH p p A X 
O X x 
U o o 
P co CO o CVJ 
c 00 05 rH rH 
o 
o 
1 u 
M 0 rH rH rH ^ rH 
M P in X m in X in ,n 
C oi «e 05 cd 05 cd 05 cd 
P 3 rH *-l rH XI rH |J] rH *-3 
P o 
0 O #> • 0K • » • >> •» • 
B m a in a cd co a aS co a 
•H rH i»H *5>rH rd H rd pH 
U H <0 Cm cd <H P <H H Vi 
0 cd no 0 O ad 0 o o 0 o P 0 O 
as •H C •H C P c P C Js P • P p • cd o • cd o • 
w cd &« *-3 Id CQ ^D ID cQ •~3 Id 
207 
remained unchan.- ed throughout the entire experiment 
under all storage conditions (Table Ap). 
There was an increase in the toughness of 
the asparagus spears under all storage conditions of 
the experiment. The largest increase noted on those 
bunches was on those racked dry, ana the smallest Increase 
on those bunches oacked in 2 ins. of t&o ater (Table 
AQ). 
DISCUSSION AND SUMMARY 
Experiments are described in which precooling 
and/or icing was used to maintain a low temperature in 
vegetable packages during the norma] marketing operation. 
Varying lengths of rrecooling and amounts of ice were used 
in containers. This was done to determine the optimum 
length of orecooling and amounts of ice necessary to re¬ 
frigerate specific vegetables during short hauls to mar¬ 
ket. A crate which received no treatment was included 
In each experiment as a control. 
Asparagus, lettuce, celery and radishes were 
packed in containers which are commonly used for these 
crops in local Massachusetts markets exceot when the method 
of icings or amounts of ice deemed it necessary to make 
changes in the containers. 
Package histories vere recorded at four farms, 
in two retail store warehouses, one wholesale market and 
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In el ht retell stores. Packages moved through the 
normal market channels. The speed with which package 
temperatures re re reduced was noted In asparagus, lettuce, 
celery and radishes, "'ith asparagus in addition to tem¬ 
perature recordings, color, and amount of feathering of 
the asparagus heeds, tou hnese of the spears res also 
noted and recorded. The period of time that refrigeration 
wee effective vas also recorded for the above-mentioned 
vegetables. Control retail experiment were c nducted 
at the laboratory of the University of Massachusetts. 
Retail experiments were set up in two large supermarkets 
to te; t consumers' preference of asparagus packed in ice. 
Asparagus, lettuce, celery and radish precool- 
in experiments vere conducted on an overhead-drain type 
of hydrocooler end an immersion-type hydrocooler. Refrig¬ 
erating efficiencies of these t'ro types of precoolers are 
discus sed. 
On the basis of experimental data, it was found 
that under market conditions, ton icing asparagus with 10 
lbs. of No. 2 ice produced satisfactory results both from 
a standpoint of maintaining a lower temperature and pre¬ 
venting deterioration. Using the same amounts and si^es 
of ice but changing the placement of ice from the top*of 
the asparagus c^ate to the bottom produced unsatisfactory 
results. It was found impossible to maintain a low temper- 
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ature, end deterioration in color and tenderness took 
piece. 
Paokinf the asparagus spears so that they 
•^ere completely covered with tips Just sho^inr shove the 
ice and in 4 ins. of No. 2 ice produced, excellent results 
in both cases. 1th the temperature being maintained 
veil belor the critical temperature of 55«F. as recommended 
by Plstf nius (34) throughout the marketing operation, the 
asparagus arrived at the wholesale market in excellent 
condition. 
Freshening asparagus in 2 ins. of ice water 
had no noticorble effect in lo^-erin the temperature. 
As a matter of fact, the temperature in the experimental 
crates v:ere higher than those in the control c ate u?on 
the arrival of the rtspa ague at he wholesale market. 
It was found that precooling asparagus in an 
immersion-type hydrocooler was excellent for the removal 
of field heat but was not sufficient to maintain a low 
temperature durim the marketing operation; however, the 
combination of hydro cool in:- and icing produced excellent 
results both from a standpoint of maintaining a low tem¬ 
perature and preventing deterioration. It was also noted 
/ » 
that wetting the aspa agus tips had no effect in causing 
4 
a deterioration of the asparagus heads known as ** stinkers*! 
Results ?rould seem to indicate that the best 
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practical method of asparagus preparation for market is 
the combination of hydrocooling and icing. Lover tem¬ 
peratures were obtained using methods where the asparagus 
spears rere packed completely in 4 ins. of ice. This 
method is not feasible from a commercial viewpoint because 
it would necessitate the changing of thf tyre of asparagus 
crate nor in general use. 
Tod and center icing of lettuce boxes in 
either combination or separately produced satisfactory 
results from both the standooint of maintaining a low 
temoerature and preventing deterioration. In the above- 
mentioned methods, 20 lbs. of No. 1 Ice were used. As 
would be expected, the combination of top and center 
icing gave the best results. Placement of ice in the 
bottom of the lettuce boxes oroduced unsatisfactory re¬ 
sults. It v./ss found impossible to maintain a low tem¬ 
perature, and dame e was caused by the lettuce being 
forced against the ice in the bottom of the box. 
It was noted that if any of the preceding 
methods of icing the lettuce boxes were used plus a paper 
liner that the resulting temperature in the boxes was 
from five to fifteen degrees lower. 
Precooling lettuce by means of an overhead- 
type hydrocooler for varying len, the of time produced 
excellent results as far as the removal of field heat 
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was concerned, but hydrocooling el one was Insufficient 
to maintain a low temperature throughout the marketing 
operation. However, the combination of hydrocooling, 
icing, and enclo£inf the entire pack in a paper liner 
produced excellent results. This combination was by 
far the most satisfactory method tested. It is also a 
method which is very oractical from a commercial view¬ 
point . 
Precooling lettuce by means of cold air and 
icing produced satisfactory results from a standpoint of 
maintaining a low temperature. The length of time re¬ 
quired to accomplish orecooling, however, was from thirty 
to thirty-five hours—much too long to be of any use to 
local growers. 
I v 
Top and center icing of celery boxes in either 
combination or separately produced satisfactory results 
from both the standpoint of maintaining a low temperature 
and preventing deterioration during the marketing operat¬ 
ion. In the above-mentioned methods when the placement 
of ice vBB, either at the top or center of the boxes, 10 
lbs. of No. 5 ice was used. In those experiments that 
Involved the combination of top and center icing, 5 lbs. 
j 
of No. 5 ice was used. As would be expected, the combi¬ 
nation of top and center icing produced the best results. 
Bottom icing of the celery boxes with 20 lbs. of No. 5 ice 
\ 
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gave unsatiefrctory results. It was found impossible 
to maintain a lo?' temperature, and damage was caused 
by the celery being forced against the ice in the bottom 
of the box. 
Placement of ice in any one or combination 
of two or three positions—top, center and/or bottom of 
the celery boxes—and the enclosure of the entire pack 
in a single paper lin^r oroduced satisfactory results 
both in maintaining a low temperature and preventing 
deterioration. 
Temperatures in paper lined crates drooped 
more racidly and remained at e lower level than temoer- 
atures in unlined creies. This fact is evidenced by 
comparing Experiments I to V with Experiments IV to X. 
The amounts and placement of Ice is the same in both 
groups of experiments; however, the only difference is 
that the last five were enclosed in a single paper liner. 
The lover temperature in the paper lined crates is un¬ 
doubtedly the result of redue n. air circulation through 
the crates. Paper liners also kept the produce in better 
condition by protecting It from handling, dirt and other 
mechanical injury. 
Precooling celery in an Immersion-type hydro¬ 
cooler for varying lengths of time, top Icing, and enclos¬ 
ing the entire pack in a sin le paper liner produced 
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excellent results. The longer the length of time of 
hydrocooling, the lower the temperature. 
In the experiments with radishes, the main 
concern was the preservation of the radish leaves rather 
than the edible part of the radish. The radish itself 
is sturdy end can withstand big} temperatures for a long 
period of time but the radish leaves are very sueceptlble 
to i igh temperatures. Such temperatures cause the radish 
leaves to wilt and turn yellow and become slimy. 
The first experiment on radishes involved the 
placement of 20 lbs. of block ice between the two rows of 
radishes with the radish leaves facing towards the ice. 
This method produced unsatisfactory results with the 
temperature too high during the entire marketing operation. 
In the following two experiments, the amount and placement 
of Ice wes the same, but in one case, the radish leaves 
faced towards the ice and in the other, away from the ice. 
The entire pack was enclosed in a single paper liner. The 
results indicate that the single paper liner wag respon¬ 
sible for the difference in the temperature thus making 
possible the arrival at the retail store of a much better 
pack in both cases. 
Experiment IV was performed using the same 
amount and placement of ice as In the preceding three ex¬ 
periments with the radish leaves facing towards the ice. 
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The only difference was the enclosure of the entire peck 
in a double paper liner instead of a sin le paper liner. 
This experiment using a double paper liner 
was performed in order to see if there was any advantage 
in using a double paper liner over that of a single paper 
* + 
liner. As the results on Table (JU indicate, there is 
absolutely no advantage in using & double paper liner, or 
the advantage is so small that it could not be detected. 
Precooling tne radishes in an immersion-type 
hydrocooler for varying lengths of time—five, ten and 
fifteen minutes—and then icinf the boxes with 20 lbs. of 
block ice placed between the two ro«s of radishes, the 
x* adieu leaves arranged so that they faced away from the 
ice all produced unsatisfactory results. Hydrocooling 
lowered the temperature sufficiently but the amounts and 
type of ice used was unable to maintain the low temperature 
during the remainder of the marketing operation. 
In the following three experiments, the lengths 
of hydrocooling ras the same. The only difference was the 
use of 25 lbs. of No. 1 ice p-eked between the two rows 
of radishes instead of the 20 lbs. of block ice as used 
in the preceding three experiments. 
( » 
This method proved fairly satisfactory with 
the temperature in the radish boxes bein held Just with¬ 
in a protective temperature range. 
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Hydrocooling the radishes for varying lengths 
of tlrre and Icing between the rows with either 20 lbs. 
of block Ice or 25 lbs. of No. 1 Ice and enclosing the 
entire pack In a. single paper liner produced similar re¬ 
sults with both methods beiri( salt sfactory from a stand¬ 
point' of maintaining: t low temperature and preventing 
deterioration durin, the marketing operation. Using 25 
lbs. of No. 1 ice did cause a lowering of the temperature 
from four to eight degrees lower than thst obtained by 
the uss of 20 lbs. of block ice. 
Controlled retril experiments performed in 
the laboratory very definitely indicated that a lower 
protective temperature could be maintained for vegetables 
in the retail store display using crushed ice. 
It was found that ice displays of fresh vege¬ 
tables in retail stores had consumer appeal. Iced produce 
minimises weight lose, prevents wilting of commodity and 
the sales potential is great. 
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